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THE BACTERIOLOGY OP CANNED MILK PRODUCTS.
PART I .  INTRODUCTION.
As th e  w o r ld ' s  d a ir y  i n d u s t r y  h a s  d e v e lo p e d  some c o u n t r i e s  
h a v e  produ ced  m i lk  i n  e x c e s s  o f  t h e i r  own f l u i d  r e q u ir e m e n ts  or  
i n  c e r t a i n  d i s t r i c t s  t h e r e  h a s  b een  a s u r p lu s  o v e r  t h a t  r e q u ir e d  
a s  m arket m i lk .  T h is  s u r p lu s  may h ave  e x i s t e d  o v e r  th e  w hole  
y e a r  so m etim es ,  or  a t  c e r t a i n  s e a s o n s  o n ly .  The s t o r a g e  o f  
s u r p lu s  m i lk  f o r  f u t u r e  con su m p tion  and i t s  t r a n s p o r t a t i o n  to  
consum ing d i s t r i c t s  h a s  b een  f a c i l i t a t e d  b y  rem o v in g  w a te r  by  
e i t h e r  c o n d e n s in g  or d r y in g  and p a c k in g  th e  r e s u l t i n g  p r o d u c ts  
i n  c a n s ,  i n  w h ich  t h e y  a r e  e x p e c t e d  to  keep  i n  a p a l a t a b l e  
c o n d i t i o n  a lm o s t  i n d e f i n i t e l y .
M ilk  c o n t a in s  numerous fo o d  f a c t o r s  r e q u ir e d  f o r  grow th ,  
and so  i s  an e x c e l l e n t  medium f o r  t h e  c u l t i v a t i o n  o f  many 
s p e c i e s  o f  b a c t e r i a ,  y e a s t s  and m ou ld s . Many m ic r o -o r g a n is m s  
a s s o c i a t e d  w ith  th e  c o n ta m in a t io n  d e r iv e d  from  th e  cow, cow­
sh ed  and d a ir y  d u r in g  t h e  p r o d u c t io n  and h a n d l in g  o f  m i lk ,  
p r o v id e d  t h a t  o t h e r  c o n d i t i o n s  o f  d ev e lo p m en t a r e  f a v o u r a b le ,  
c a u s e  some k in d  o f  f e r m e n t a t io n  and r en d e r  m i lk  u n f i t  f o r  u s e .  
Hence t h e  m ethods u s e d  to  p r e s e r v e  t h e s e  c o n c e n t r a t e d  form s o f  
th e  r a p i d l y  d e t e r i o r a t i v e  fo o d ,  m i l k ,  depend c h i e f l y  upon th e  
a d d i t i o n  o f  s u g a r  a n d /o r  h e a t  t r e a tm e n t  i n  th e  c a s e  o f  th e  
c o n c e n t r a t e d  m i lk s  o r  d e s i c c a t i o n  a lo n e  f o r  th e  d r i e d  m i lk  
p r o d u c t s .
I .  CONCENTRATED MILK PRODUCTS.
G a il  Borden i n  1856  f i r s t  s u c c e s s f u l l y  m an u fac tu red  con ­
c e n t r a t e d  m i lk .  S in c e  th e n  the  i n d u s t r y  h a s  s t e a d i l y  in c r e a s e d ,  
and p r o d u c ts  can now be d i v i d e d  i n t o  t h r e e  main g r o u p s ,  n a m ely : -
1 .  S w eeten ed  co n d en sed  o r  co n d en sed  m ilk .
2 .  U nsw eetened  c o n d e n se d ,  e v a p o r a te d  m i l k ,
o r  c o n c e n t r a t e d  m ilk .
3 .  S t e r i l i s e d  o r  canned f r e s h  cream.
Sw eeten ed  and u n sw eeten ed  co n d en sed  m i lk s  a r e  made from  
b o th  f u l l  cream o r  skimmed m i l k ,  and minimum l e g a l  s ta n d a r d s  
f o r  f a t  and t o t a l - s o l i d s  c o n t e n t  a r e  l a i d  down^1  ^ i n  t h i s  c o u n try  
The q u a l i t y  o f  t h e s e  p r o d u c t s  and e s p e c i a l l y  t h e i r  k e e p in g  
p r o p e r t i e s  l a r g e l y  depends upon t h e  m ic r o -o r g a n is m s  w hich  h a v e  
s u r v iv e d  t h e  m a n u fa c tu r in g  p r o c e s s .  The f o l l o w i n g  a c co u n t  o f  
th e  m ethods em ployed i n  m a n u fa c tu re  i s  g i v e n ,  s i n c e  th e  p r o ­
c e s s i n g  c o n d i t i o n s  h ave  a d i r e c t  b e a r in g  on t h e  b a c t e r i o l o g i c a l  
p ro b lem s .
1 .  S w ee ten ed  co n d en sed  m i lk  m a n u fa c tu r in g  p r o c e s s .
In  t h i s  p r o c e s s  2 t o  2 |  l b s .  f r e s h  m i l k  y i e l d  1 l b .  o f  
c o n d en sed . As a  p r e s e r v a t i v e  a g e n t  s u g a r  o f  a h ig h  g r a d e ,  
u s u a l l y  s u c r o s e ,  i s  added i n  ab ou t 15 t o  16 l b .  amounts to  
100 l b s .  o f  f l u i d  m i lk .  The aim i s  t o  h a v e  s u f f i c i e n t  c o n ­
c e n t r a t i o n  o f  s u c r o s e  i n  th e  f i n a l  p r o d u c t  t o  i n h i b i t  grow th  
o f  o rg a n ism s  s u r v i v i n g  i n  th e  m i l k  when th e  m a n u fa c tu r in g  
p r o c e s s  i s  co m p le te d .
B e fo r e  p r o c e s s i n g  th e  m i lk  i s  s t a n d a r d i s e d  and i s  f o r e ­
warmed. The numbers o f  o rg a n ism s  p r e s e n t  when b u lk  m i lk  i s  
d e l i v e r e d  a t  th e  c o n d e n se r y  may be c o n s i d e r a b l e ,  e s p e c i a l l y  i n  
h o t  w e a th e r ,  and o n e  o f  t h e  pr im ary  o b j e c t s  o f  forew arm in g  i s  to  
r e d u c e  th e  number o f  t h e s e  b a c t e r i a .  The te m p e r a tu r e  u s e d  
v a r i e s  from 130°P . t o  above th e  b o i l i n g  p o i n t .  The h ig h e r  th e  
te m p er a tu r e  em ployed t h e  more th orou gh  w i l l  b e  th e  d e s t r u c t i o n  
o f  th e  b a c t e r i a l  f l o r a ,  b u t  th e  forew arm in g  te m p er a tu r e  a l s o  
a f f e c t s  th e  p h y s i c a l  s t a b i l i t y  o f  t h e  f i n a l  m i lk  and c o n s i d e r a ­
t i o n  h a s  t o  b e  g i v e n  t o  t h i s  i n  f i x i n g  th e  te m p e r a tu r e .  A 
te m p era tu re  o f  a b o u t  170°F . i s  p r e f e r r e d  i n  t h i s  c o u n t r y .  Sugar  
i s  added t o  th e  m i lk  a f t e r  fo rew a rm in g  and th e  s w e e t  m i lk  i s  
drawn i n t o  a vacuum p a n , o p e r a t in g  from  ab ou t 130 t o  145°P ; th e  
lo w e r  te m p er a tu r e s  u s u a l l y  g i v e  th e  b e s t  r e s u l t s ,  b u t  t h i s  
t e m p er a tu r e  i s  s u i t a b l e  f o r  t h e  grow th  o f  c e r t a i n  t h e r m o p h i l i c  
o rg a n ism s  w hich  may l e a d  to  d i f f i c u l t i e s .  Water i s  e v a p o r a te d  
u n t i l  th e  d e s i r e d  c o n c e n t r a t io n  i s  r e a c h e d ,  a f t e r  w h ich  th e  
m ilk  i s  c o o le d  and f i l l e d  i n t o  b a r r e l s  or  c a n s .
T h is  p r o d u c t  i s  n o t  t h e r e f o r e  f r e e  from  m ic r o -o r g a n is m s ,  
a lth o u g h  many o f  t h e  o r i g i n a l  b a c t e r i a  o f  t h e  m i lk  h ave  b een  
d e s t r o y e d  by t h e  h e a t  t r e a t m e n t .  A 40  p e r  c e n t ,  c o n c e n t r a t io n  
o f  su g a r  and a s u g a r - i n - w a t e r  r a t i o  o f  6 2 .5  p e r  c e n t ,  h ave  been  
shown c o m m e r c ia l ly  to  i n h i b i t  t h e  b a c t e r i a  u s u a l l y  p r e s e n t .
T h is  d o e s  n o t  p r e v e n t  th e  grow th  o f  a l l  y e a s t s  and m o u ld s ,  and 
c a r e  m ust b e  ta k e n  t o  p r e v e n t  r e - c o n t a m in a t io n  a f t e r  th e  m i l k  
l e a v e s  t h e  pan . C o o l in g  t a n k s ,  f i l l i n g  m a ch in es  and can s  must  
b e  s t e r i l i s e d ,  so  t h a t  t h e y  do n o t  add d e t e r i o r a t i v e  m ic r o ­
o rg a n ism s  t o  th e  m i l k  and s h o r t e n  th e  k e e p in g  q u a l i t y .
The s a l i e n t  p o i n t s  i n  the  c o n t r o l  o f  m ic r o -o r g a n is m s  c a u s in g  
d e t e r i o r a t i o n  on s t o r a g e  a r e  t h e r e f o r e  ( a )  th e  fo r e w a r n in g  
t r e a t m e n t ,  ( b )  t h e  added s u g a r ,  and ( c )  r e - c o n t a m in a t io n  a f t e r  
th e  m i l k  l e a v e s  th e  vacuum pan . Of t h e s e  t h e  l a s t  two p o i n t s  
a r e  o f  m ajor im p o rta n ce .
2 .  E v a p o ra ted  m i l k  m a n u fa c tu r in g  p r o c e s s .
T h is  p r o c e s s  a im s a t  t h e  d e s t r u c t i o n  o f  t h e  m i lk  f l o r a  by  
th e  h e a t  o f  steam  under p r e s s u r e ,  a l th o u g h  th e  m eth ods  a d o p ted  
i n  rem oving w a te r  a r e  s i m i l a r  t o  t h o s e  em ployed i n  sw e e te n e d  
c o n d en sed  m i lk .  The b u lk e d  s t a n d a r d i s e d  m i l k  i s  fo r e w a r n e d ,  
u s u a l l y  t o  a  te m p era tu re  o f  b e tw een  1 9 0 °  and 2 0 0 ° P . , s i n c e  th e  
h e a t  s t a b i l i t y  m a in ly  d epend s on t h e  te m p er a tu r e  o f  forew arm in g .  
The m i lk  i s  th e n  co n d en sed  and w ithdraw n from  th e  pan  a t  t h e  
r e q u ir e d  c o n c e n t r a t i o n .  I t  i s  h om ogen ised  t o  p r e v e n t  f a t  
s e p a r a t i o n ,  c o o le d  and f i l l e d  i n t o  t i n  c o n t a i n e r s  w hich  are  
s e a l e d .  The s t e r i l i s a t i o n  p r o c e s s  f o l l o w s .  When a c o n t in u o u s  
s t e r i l i s e r  i s  u se d  s t e r i l i s a t i o n  s t a r t s  im m e d ia te ly  a f t e r  f i l l i n g  
and t h e r e  i s  no t im e  f o r  b a c t e r i a  t o  i n c r e a s e .  I f  a b a t c h  
s t e r i l i s e r  i s  i n  u s e ,  w hich  i s  s i m i l a r  i n  o p e r a t i o n  t o  an a u t o ­
c l a v e ,  i t  i s  lo a d e d ,  h e a t e d  up t o  a d e f i n i t e  te m p er a tu r e  and  
h e l d  f o r  a f i x e d  t im e ,  c o o l e d  and u n lo a d e d .  T here may be  
d e la y s  b e tw e en  f i l l i n g  th e  ca n s  and l o a d i n g  th e  r e t o r t  and, i f  
s o ,  i t  w i l l  b e  n e c e s s a r y  t o  c o l d - s t o r e  t h e  c a n s .  U n ifo r m ity  
o f  h e a t i n g  o f  a l l  can s  i n  t h e  b a t c h  s t e r i l i s e r  i s  im p o r t a n t ,  and
r o t a t i o n  o f  t h e  ca n s  i n  t h e  r e t o r t  p a r t l y  f i l l e d  w ith  w a ter  
f a c i l i t a t e s  t h i s .  The m a n u fa c tu r e r  a d j u s t s  th e  c o m b in a t io n  o f  
t im e  and te m p era tu re  o f  e x p o s u r e  t o  h e a t  so  t h a t  any b a c t e r i a  
c a p a b le  o f  p r o d u c in g  s p o i l a g e  o f  th e  m ilk  a r e  l i k e l y  to  be  
d e s t r o y e d ;  th u s  t h e  p r o d u c t  i s  v i r t u a l l y  s t e r i l i s e d  and sh o u ld  
k eep  i n d e f i n i t e l y .  In  p r a c t i c e ,  h o w ev er , b a t c h e s  a r e  encoun­
t e r e d  i n  w hich  o rg a n ism s  appear to  h a v e  s u r v iv e d  th e  p r o c e s s i n g .  
To overcom e t h i s  th e  h e a t  t r e a tm e n t  c o u ld  be s t i l l  f u r t h e r  
in c r e a s e d ,  b u t  i f  t h e  tem p era tu re  i s  r a i s e d  t o o  h ig h  th e  co n ­
s i s t e n c y ,  f l a v o u r  and c o lo u r  may be  s e r i o u s l y  im p a ir ed  a s  a 
r e s u l t  o f  c h e m ic a l  ch a n g es  i n  th e  m i l k  c o n s t i t u e n t s .  The
te m p er a tu r e  and t im e  b a la n c e  i s  t h e r e f o r e  im p o r ta n t .  W ith a
o or o t a r y  s team  s t e r i l i s e r  a  te m p er a tu r e  o f  b e tw e en  115 and 118  C.
i s  m a in ta in e d  f o r  15 t o  30 m in u te s  and ab ou t th e  same tim e  i s
n e c e s s a r y  t o  h e a t  up t h e  s t e r i l i s e r  and c o o l  i t  down a g a in .
W h ile  th e  te m p er a tu r e  r e c o r d e d  i n  t h e  r e t o r t  may ap p ear  t o  be
s u f f i c i e n t  to  e n s u r e  d e s t r u c t i o n  o f  any b a c t e r i a  t h e r e  i s  fou n d
i n  p r a c t i c e  t o  be  a  marked l a g  i n  t h e  r a t e  o f  h e a t i n g  w i t h i n
( 2 )th e  c a n s .  L o v e l e s s '  , u s i n g  a th erm o co u p le  i n s e r t e d  i n  a can  
o f  cream i n s i d e  an a u t o c l a v e  s i m i l a r  i n  c o n s t r u c t i o n  t o  a 
s t e r i l i s e r ,  showed t h a t  f o r  cream th e  te m p e r a tu r e  i n d i c a t e d  
b y  t h e  s t e r i l i s e r  therm om eter was n e v e r  r ea c h e d  and t h a t  th e r e  
was a d i f f e r e n c e  o f  2 °  to  3°C. on a 20 m in u te s  h o l d i n g  t im e .
T h is  l a g  i n  h e a t i n g  i s  more marked w i t h  cream than m i l k  and i s  
g r e a t e r  i n  l a r g e  th an  i n  s m a l l  c a n s .  The c o o l i n g  p r o c e s s  
p r o c e e d s  a s  r a p i d l y  a s  p o s s i b l e ,  c o ld  w a ter  b e i n g  u s e d  f o r  t h e
p u r p o se .  I f  th e  w a te r  su p p ly  i n  th e  s t e r i l i s e r  i s  u n e v e n ly
d i s t r i b u t e d  or  i n s u f f i c i e n t ,  th e  c o o l i n g  o f  some can s  may be
r e t a r d e d  and a c o n s id e r a b le  d i f f e r e n c e  i n  p r e s s u r e  b e tw e e n  th e
i n t e r i o r  and e x t e r i o r  may o c c u r ,  and t h i s  may c a u s e  some can s
t o  b u lg e  and, e s p e c i a l l y  i f  t h e r e  i s  a d e f e c t i v e  seam , may l e a d
t o  l e a k i n g  c a n s .  B a c t e r i a  may t h e r e f o r e  g a in  e n t r a n c e  i n t o
th e  m i lk  p r o d u c t  th ro u g h  su ch  d e f e c t i v e  sea m s, and a s  growth
o c c u r s  th e  can  c o n t e n t s  a r e  s p o i l e d .  In  p r a c t i c e  ca n s  a re
o o
in c u b a t e d  f o r  a t  l e a s t  10 days a f t e r  m a n u fa c tu re  a t  80  to  97  F. 
s o  t h a t  d e f e c t i v e  ca n s  w i l l  u s u a l l y  be  r e v e a le d  b e f o r e  r e l e a s e  
on th e  m arket.
The s a l i e n t  p o i n t s  i n  th e  c o n t r o l  o f  m ic r o -o r g a n ism s  
c a u s in g  d e t e r i o r a t i o n  on s t o r a g e  a r e  (a )  th e  b a c t e r i o l o g i c a l  
q u a l i t y  o f  t h e  in co m in g  m i l k ,  e s p e c i a l l y  w i t h  r e g a r d  t o  i n c i d ­
en ce  o f  s p o r e f o r m e r s ,  ( b )  th e  o p e r a t i o n  o f  th e  s t e r i l i s e r ,  i . e .  
te m p era tu re  and t im e  o f  e x p o s u r e  t o  h e a t ,  and ( c )  d e f e c t i v e  
seams a n d /o r  f a u l t y  c o o l i n g  l e a d i n g  t o  l e a k i n g  c a n s .  Of t h e s e  
th e  f i r s t  two p o i n t s  a r e  t h e  m ost im p o r ta n t .
3 .  S t e r i l i s e d  cream m a n u fa c tu r in g  p r o c e s s .
The o b j e c t  o f  t h e  m a n u fa c tu re  o f  s w e e t  canned cream i s  
a l s o  to  d e s t r o y  b a c t e r i a  b y  t h e  h e a t  o f  s team  under p r e s s u r e  
and y e t  t o  p r e s e r v e  t h e  s t a b i l i t y  o f  th e  cream so  t h a t  th e  
c h e m ic a l  and p h y s i c o - c h e m ic a l  ch a n g es  due t o  h e a t ,  su ch  as  
h e a t  c o a g u l a t i o n  o r  lu m p in e s s ,  b ro w n in g , f a t  s e p a r a t i o n  and
cook ed  f l a v o u r ,  a r e  p r e v e n te d .
Sweet cream i s  s e p a r a t e d  and s t a n d a r d i s e d  u s u a l l y  to
23 p e r  c e n t ,  f a t  c o n t e n t .  Only cream o f  lo w  t i t r a t a b l e  
a c i d i t y  made from f r e s h  sw e e t  m i l k  i s  u s e d .  B ic a r b o n a te  o f  
s o d a ,  w hich  a c t s  p a r t l y  a s  a n e u t r a l i s i n g  a g e n t  and a l s o
im p roves  th e  s t a b i l i t y  to  h e a t ,  i s  added up t o  a b o u t  1 l b .  p er
o
100 g a l l o n s  o f  cream . The cream i s  p r e h e a te d  to  110 P. and
h om ogen ised . A f t e r  prompt c o o l i n g  th e  cream i s  f i l l e d  i n t o
c a n s ,  b o t t l e s  o r  g l a s s  J a r s ,  w h ich  a re  s e a l e d  and s t e r i l i s e d .
o
The s t e r i l i s a t i o n  te m p era tu re  fou n d  m ost s a t i s f a c t o r y  i s  118 C. 
and i s  m a in ta in e d  f o r  25 m in u te s ,  15 t o  20 m in u te s  b e in g  ta k en  
t o  h e a t  t h e  s t e r i l i s e r  t o  118°C . and a g a in  t o  c o o l  i t  down. 
Above 118°C. i t  i s  d i f f i c u l t  t o  m a in t a in  h e a t  s t a b i l i t y ,  bu t  
lo w e r  te m p e r a tu r e s  have b e e n  u s e d  s u c c e s s f u l l y .
The c o n t r o l  o f  b a c t e r i a  c a u s in g  d e t e r i o r a t i o n  on s t o r a g e  
d epend s upon th e  same f a c t o r s  a s  h ave  a lr e a d y  b een  n o t e d  f o r  
e v a p o r a te d  m ilk .
I I .  DRIED MILK PBODUCTS.
A n oth er  m ethod o f  p r e s e r v i n g  m i lk  i n  a more o r  l e s s  n o n -  
p e r i s h a b l e  form  so t h a t  i t  ca n  be r e c o n s t i t u t e d  l a t e r  i s  by  
d e s i c c a t i n g  t o  d r y n e s s .  S p o i la g e  by m ic r o -o r g a n is m s  i s  th e n  
red u ced  to  n e g l i g i b l e  p r o p o r t i o n s ,  s i n c e  t h e  m o is t u r e  c o n t e n t  
o f  th e  p o w d ers ,  w h ich  i s  s e ld o m  above 5 p e r  c e n t . ,  w i l l  n o t  
su p p o r t  grow th . Whole m i l k ,  sk im  m i l k ,  b u t t e r  m i lk  and whey 
a r e  a l l  p r e s e r v e d  by d e s i c c a t i o n ,  b u t  th e  commonest d r i e d  m i lk  
p r o d u c t  i s  made from sk im  m i l k ,  f o r  w hich  t h e r e  i s  a l a r g e  and 
g ro w in g  demand from  t h e  b a k in g  and i c e  cream i n d u s t r i e s .
There a r e  two m ain  t y p e s  o f  d r i e d  m i lk  p r o d u c t s  i n  com­
m e r c i a l  u s e ,  nam ely r o l l e r  d r i e d  and s p r a y  d r ie d .
1 .  R o l l e r  d r y in g  p r o c e s s  f o r  m i lk  p r o d u c t s .
The m a n u fa c tu re  o f  r o l l e r  d r i e d  m i lk  e n t a i l s  th e  e v a p o r a ­
t i o n  o f  w a te r  from  a t h i n  f i l m  o f  m i lk  on h o t  r e v o l v i n g  m e ta l  
r o l l e r s  and th e  s c r a p in g  o f f  o f  th e  d r i e d  m i lk  a s  t h e  r o l l e r  
r o t a t e s .  The te m p era tu re  o f  th e  r o l l e r s  i s ,  h o w ev er ,  r e l a t i v e l y  
h i g h ,  and i t  h a s  b e e n  c a l c u l a t e d  t h a t  th e  m i lk  i n  d r y in g  a t t a i n s  
a te m p era tu re  o f  270°P . A lth o u g h  th e  p e r io d  o f  h e a t i n g  on th e  
r o l l e r  i s  r e l a t i v e l y  s h o r t ,  i t  i s  s u f f i c i e n t  t o  k i l l  th e  g r e a t  
m a j o r i t y  o f  th e  m ic r o -o r g a n ism s  w hich  a r e  fo u n d  i n  m i l k ,  so  
t h a t  u n l e s s  r e c o n t a m in a t io n  o c c u r s  a f t e r  d r y in g ,  t h e  number o f  
b a c t e r i a  i n  th e  p r o d u c t  i s  v e r y  lo w . For t h i s  r e a s o n  r o l l e r  
d r i e d  pow ders were e x c lu d e d  from  th e  p r e s e n t  s tu d y .
2 . S p ray  d r i e d  p r o c e s s  f o r  m i l k  p r o d u c t s .
The p r i n c i p l e  em ployed i n  th e  p r o d u c t io n  o f  s p r a y  d r i e d  
m ilk  i s  s im p le  and c o n s i s t s  o f  r e d u c in g  t h e  m i lk  t o  a f i n e  
m i s t  i n  th e  p r e s e n c e  o f  d ry  h e a t e d  a i r .  E v a p o r a t io n  o f  m o is t u r e  
from  th e  m i l k  m i s t  i s  v e r y  r a p id  s i n c e  t h e  s m a l l  p a r t i c l e s  
p r e s e n t  a l a r g e  s u r f a c e  and th e  m o is t u r e  i s  rem oved a lm o s t  
i n s t a n t a n e o u s l y .  In  p r a c t i c e  t h e  a p p l i c a t i o n  o f  t h i s  p r i n ­
c i p l e  h a s  n o t  b e e n  fou n d  to  be  s o  s i m p l e ,  and c o n s e q u e n t ly  t h e r e  
i s  a v a r i e t y  o f  s p r a y  d r i e r s .  G e n e r a l ly  th e  raw m ilk  i s  h e a te d
to  ab ou t 1 4 0 °  t o  145°P . o r  so m etim es  to  a lo w e r  te m p er a tu r e  and 
th e  b u lk  o f  th e  w a ter  removed i n  a vacuum pan . The c o n c e n t r a t e d
m il k  i s  hom ogen ised  and p a s s e d  un der  p r e s s u r e  to  an a to m is e r  
from  w h ich  th e  m i lk  i s  sp r a y ed  i n t o  a d r y in g  chamber, where i t  
m e e ts  h o t  d ry  a i r .  The a i r  has p r e v i o u s l y  b een  f i l t e r e d  and 
h e a t e d  t o  2 2 0 °  to  3 0 0 °P . The b e s t  o p e r a t i n g  te m p era tu re  has  
b e e n  found t o  b e  270°F . The d r i e d  m i lk  d rop s  to  th e  b o ttom  
o f  th e  chamber from  w hich  i t  i s  u s u a l l y  removed m e c h a n ic a l ly .  
Some f i n e r  p a r t i c l e s  may be c a r r i e d  o v e r  i n  th e  a i r  o u t l e t  
s tr e a m , and a r e  r e c o v e r e d  i n  a d u s t  c o l l e c t o r .  S p ray  m ilk  
powder p l a n t s  u s u a l l y  o p e r a te  c o n t i n u o u s l y ,  a l t h o u g h  a few  
f a c t o r i e s  m an u factu re  on t h e  b a t c h  p r i n c i p l e .  The powder a f t e r  
s i e v i n g  i s  p a ck ed  i n  £  cw t.  or  s m a l le r  a i r t i g h t  t i n s ,  b u t  th e  
commonest b u lk  p ack age  i s  a b a r r e l .
I f  p r o c e s s i n g  h a s  b een  e f f i c i e n t l y  c a r r i e d  o u t  t h e  m o is t u r e  
c o n t e n t  w i l l  b e  lo w , and p r o v id e d  t h a t  m o is t u r e  i s  n o t  a l lo w e d  
t o  p e n e t r a t e  d u r in g  s t o r a g e ,  no d e t e r i o r a t i o n  or  s p o i l a g e  due  
to  t h e  a c t i v i t y  o f  m ic r o -o r g a n is m s  sh o u ld  o c c u r .  I f  th e  
powder i s  t o  b e  r e c o n s t i t u t e d  b e f o r e  u s e ,  a s  f o r  i n s t a n c e  i n  
th e  p r e p a r a t io n  o f  baby f o o d s ,  i c e  cream , m i l k  d r i n k s ,  and  
s t a r t e r s ,  th e  type and k in d  o f  b a c t e r i a  w hich  a r e  p r e s e n t  i s ,  
h o w ev er , im p o r ta n t .
The c o n t r o l  o f  b a c t e r i a  p r e s e n t  i n  t h e  pow ders depends  
upon ( a )  t h e  b a c t e r i o l o g i c a l  q u a l i t y  o f  t h e  in c o m in g  m i l k ,  w i t h  
s p e c i a l  r e f e r e n c e  t o  th e  b a -c te r ia  w h ich  a r e  r e s i s t a n t  t o  h e a t ,
(b )  t h e  e x t e n t  and management o f  h e a t  t r e a tm e n t  g i v e n  i n  th e  
p l a n t ,  and ( c )  r e c o n t a m in a t io n  a f t e r  d r y in g .  The f i r s t  two 
o f  t h e s e  p o i n t s  a re  o f  m ajor im p o r ta n c e .
PART I I .  CONCENTRATED MILK PRODUCTS.
I .  E v a p o ra ted  M ilk  and Canned Cream.
G en era l i n v e s t i g a t i o n .
E x p e r im en ta l  t e c h n iq u e .
( i )  Can o p e n in g .
( i i )  C u l t u r in g .
( i i i )  Can c o n t e n t s .
( i v )  R e co v ery  o f  b a c t e r i a  from u n s t e r i l e  
ca n s  and t h e i r  i d e n t i f i c a t i o n .
D i s c u s s i o n  and r e s u l t s .
1 . S t e r i l i t y  o f  com m ercia l sa m p le s .
( a )  E v a p o ra ted  m i lk .
(b )  Canned cream.
2 . Types o f  d e f e c t i v e  sa m p les  e n c o u n te r e d  and
a s s o c i a t e d  b a c t e r i o l o g i c a l  f l o r a .
A. S p o i l a g e  due to  n o n -s p o r e fo r m e r s .
( i )  G assy  f e r m e n t a t io n .
( i i )  C o a g u la t io n .
( i i i )  O ther d e f e c t s .
B. S p o i l a g e  due t o  s p o r e f o r m e r s .
A n a e r o b ic  s p o r e f o r m e r s .
A e r o b ic  or  f a c u l t a t i v e  a e r o b i c  s p o r e fo r m e r s .
( a )  C l a s s i f i c a t i o n .
( b )  Induced  s p o i l a g e .
( c )  N ote  on t h e  r e l a t i o n s h i p  o f  a e r o b ic
sp o r e fo r m e r s  to  c u r d l i n g .
( i )  ’ S w ee t '  c u r d l in g .
( i i )  A c id  c u r d l i n g .
I I .  S w eeten ed  C ondensed M ilk .
T ech n iq u e  o f  e x a m in a t io n .
D i s c u s s i o n .
1 .  I n c id e n c e  o f  d e f e c t i v e  c a n s .
2 . Types o f  d e f e c t i v e  sa m p le s .
( i )  G assy  f e r m e n t a t io n .
( i i )  P r o g r e s s i v e  t h i c k e n i n g .
( i i i )  B u t t o n s .
PART I I .  CONCENTRATED MILK PRODUCTS.
I n  th e  p r e s e n t  i n v e s t i g a t i o n  on c o n c e n t r a t e d  m i lk  p r o d u c t s  
t h e  g r e a t e r  p a r t  o f  t h e  work was co n c er n e d  w ith  e v a p o r a te d  m i lk  
and canned cream. T hese  two p r o d u c t s  have b e e n  c o n s id e r e d  
t o g e t h e r  b e c a u s e ,  s i n c e  t h e i r  m eth ods  o f  m a n u fa c tu re  a re  
s i m i l a r ,  i t  m ig h t  be  e x p e c t e d  t h a t  b a c t e r i o l o g i c a l  d e f e c t s  
w h ich  have b e e n  r e p o r t e d  i n  th e  p a s t  i n  e v a p o r a te d  m i l k  m igh t  
be e n c o u n te r e d  a l s o  i n  canned cream . In  a d d i t i o n  i t  was f e l t  
t h a t  a s tu d y  o f  canned  cream m ig h t  b e  o f  s p e c i a l  v a l u e  b e c a u s e  
i t  i s  a r e l a t i v e l y  r e c e n t  d ev e lo p m en t o f  th e  c a n n in g  in d u s t r y  
and in f o r m a t io n  r e g a r d in g  th e  b a c t e r i o l o g i c a l  s i d e  i s  s c a n t y .
I .  E v a p o ra ted  M ilk  and Canned Cream.
P r e v io u s  i n v e s t i g a t i o n s  ( s e e  r e v ie w s  4  and 5 ) ,  n e a r l y  a l l  
o f  w h ich  a r e  c o n f in e d  t o  t h e  p r o d u c t s  o f  on e  p a r t i c u l a r  f a c t o r y  
u s u a l l y  i n  c o n n e x io n  w i t h  a s p e c i f i c  o u t b r e a k ,  i n d i c a t e  th a t  
a l th o u g h  some w ork ers  i n v a r i a b l y  fo u n d  e v a p o r a te d  m i l k  to  be  
s t e r i l e ,  o t h e r s  have o c c a s i o n a l l y  found l i v i n g  o rg a n ism s  i n  th e  
ca n s  e v en  when t h e  c o n t e n t s  have a p p ea red  t o  b e  sou n d . A few  
w ork ers  have a l s o  t e s t e d  a g e n e r a l  s e l e c t i o n  o f  sa m p le s  w ith  
s i m i l a r  c o n f l i c t i n g  r e s u l t s .  Thus w h i l e  W e in z ir l^ 4  ^ i n v e s t i ­
g a te d  23 m arket sam p les  o f  e v a p o r a te d  m i lk ,  non e  o f  w h ich  r e v e a le c
th e  p r e s e n c e  o f  any l i v i n g  o r g a n is m s ,  P a rk , S c h r o e d e r  and 
( 4 )
B a rth o lo w ' ' ,  e x a m in in g  a g e n e r a l  c o l l e c t i o n  o f  37 t i n s  from  
19 brand s found t h a t  t h e y  a l l  c o n t a in e d  l i v i n g  b a c t e r i a .  Savage
( 4 )and Hunwicke t e s t e d  27 shop sam p les  c o n s i s t i n g  o f  d i f f e r e n t  
b ran d s  t o g e t h e r  w i t h  17 t i n s  o b t a in e d  from  th r e e  d i f f e r e n t  
f a c t o r i e s ,  18 p e r  c e n t ,  o f  w hich  were u n s t e r i l e .
G e n era l I n v e s t i g a t i o n .
A g e n e r a l  s u r v e y  o f  a  l a r g e  number o f  sa m p les  o f  e v a p o r a te d  
m ilk  and canned cream p rod u ced  b y  t h r e e  co n d en sed  m i lk  f a c t o r i e s ,  
d e s i g n a t e d  X, Y and Z, o p e r a t i n g  i n  t h e  West o f  S c o t la n d ,  was 
u n d e r ta k e n  t o  d e te r m in e  t o  what e x t e n t  n o n - s t e r i l i t y  o c c u r r e d  
i n  com m ercia l p r a c t i c e  and what org a n ism s w ere p r e s e n t  a f t e r  
p r o c e s s i n g .  I n fo r m a t io n  was a l s o  d e s i r e d  a s  t o  th e  r e l a t i v e  
im p o rta n ce  o f  d i f f e r e n t  d e f e c t s  and t h e i r  a s s o c i a t e d  o rg a n ism s .  
Sam ples were o b t a in e d  a t  ab ou t w e e k ly  i n t e r v a l s  f o r  n e a r l y  two 
y e a r s ,  from 2 t o  8 sa m p le s  b e in g  exam ined  from  ea ch  i n d i v i d u a l  
b a t c h .
A f u r t h e r  number o f  t i n s  w ere  t e s t e d  o v er  a  p e r i o d  o f  fo u r  
y e a r s  from o t h e r  s o u r c e s  o f  m a n u fa c tu r e .  T hese  s a n ^ le s  w ere  
p u r c h a s e d  from  sh o p s  or  o b t a in e d  d i r e c t l y  from  o t h e r  f a c t o r i e s ,  
m aking a t o t a l  o f  315  e v a p o r a te d  m i l k  sa m p les  and 253 sam ples  
o f  canned cream . In  a d d i t i o n  t o  t h e  above sa m p le s  w h ich  w ere  
b o u g h t  a s  so u n d , many sa m p les  h ave  b e e n  exam ined  w h ich  w ere  
e i t h e r  o b v i o u s l y  d e f e c t i v e  from  t h e  a p p a re n t  b u l g i n g  o f  th e  can s  
th e m s e lv e s  o r  from t h e  "shake so u n d " , o r  were s e n t  i n  by f ir m s  
a s  t i n s  from  a s i m i l a r  b a t c h  t o  t h a t  i n  w hich  d e f e c t i v e  cans  
had o c c u r r e d .  A bout 150 o f  t h e s e  s p e c i a l  e v a p o r a te d  m i l k  
sa m p le s  and 115 s p e c i a l  sam p les  o f  canned cream h a v e  b e e n  t e s t e d .
E x p e r im en ta l  T ech n iq u e .
( i )  Can o p e n in g .
Sam ples from th e  f a c t o r i e s  w ere f i r s t  in c u b a te d  a t  37°C. 
f o r  v a r y in g  p e r io d s  o f  t im e ;  u s u a l l y  th e y  had a t  l e a s t  s i x  
d a y s ' b u t  n o t  more th a n  21 days 1 in c u b a t io n .  The r e m a in in g  
sa m p les  w ere a l s o  in c u b a t e d  b e f o r e  t e s t i n g  u n l e s s  th e y  were  
o b v i o u s l y  f a u l t y  or  o l d  when th e y  were opened  a t  o n c e .  S e v e r a l  
m ethods o f  sa m p lin g  th e  c o n t e n t s  were t r i e d ,  s i n c e  th e  o p e n in g  
o f  c a n s  and t h e  rem ova l o f  p a r t  o f  th e  c o n t e n t s  w i t h o u t  a e r i a l  
c o n ta m in a t io n  p r e s e n t e d  o b v io u s  d i f f i c u l t i e s ,  e s p e c i a l l y  i f  t h e  
can  was e x te n d e d  b y  g a s .  F i n a l l y  t h e  f o l l o w i n g  te c h n iq u e  was 
a d o p te d .  The to p  o f  t h e  can  was washed th o r o u g h ly  and i n  
a d d i t i o n  f o r m a l in  was rubbed  o v e r  i t .  Then ab ou t 5 m l.  o f  
a b s o l u t e  a l c o h o l  w ere i g n i t e d  on  th e  s u r f a c e  and a Bunsen b u rn er  
h e l d  s o  t h a t  t h e  f la m e  p la y e d  on th e  can  t o p .  A h o l e  any s i z e  
up t o  i  in c h  i n  d ia m e te r  was p i e r c e d  b y  a c o ld  c h i s e l ,  w hich  had  
p r e v i o u s l y  b e e n  h e a t  s t e r i l i s e d ,  and t h e  t i n  was in m e d ia t e ly  
c o v e r e d  b y  a  s t e r i l e  p e t r i  d i s h  l i d .
( i i )  C u l t u r in g .
The c u l t u r i n g  te c h n iq u e  which was fou n d  t o  b e  m o st  s u i t a b l e  
was t h e  h e a v y  i n o c u l a t i o n  o f  th e  p r o d u c t  i n t o  l i t m u s  m i lk ,  
n u t r i e n t  b r o t h  and d e x t r o s e  b r o t h .  The i n o c u l a t e d  m edia w ere  
th e n  in c u b a t e d  a t  37°C . f o r  a t  l e a s t  one week. The n u t r i e n t  
b r o th  was p r e p a r e d  from  . 5 % p e p t o n e ,  . 3 % m arm ite (o r  o c c a s i o n a l l y  
l e m c o ) ,  and ta p  w a t e r ,  b u t  g l u c o s e  b r o t h  had  i n  a d d i t i o n  2%
g l u c o s e  w h ich  was added b e f o r e  t h e  f i n a l  s t e r i l i s a t i o n .  The 
f i n a l  pH o f  th e  b r o t h s  was a b o u t  6 . 8 .
The inocu lum  was rem oved from t h e  t i n  by a 1 m l. p i p e t t e ,
th e  t i p  o f  w hich  had b een  w idened  t o  a l lo w  f o r  th e  v i s c o u s
n a t u r e  o f  t h e  p r o d u c t .  At l e a s t  1 m l. was u s e d ,  s i n c e  i t  was
fou n d  t h a t  i f  s m a l l e r  in o c u l a  w ere em ployed th e  numbers o f
o rg a n ism s  p r e s e n t  i n  t h e  ca n  were som etim es  s o  s m a l l  t h a t  th e y
were n o t  r e c o v e r e d .  I f  t h e  p r o d u c t  was o b v i o u s l y  s p o i l e d  b u t
th e  p r e s e n c e  o f  b a c t e r i a  had n o t  b e e n  d e m o n stra ted  b y  t h e  above
t e c h n iq u e ,  th e  i n o c u l a t e d  m edia w ere f u r t h e r  in c u b a te d  a t  55°C.
i n  o r d e r  t o  t e s t  f o r  t h e  p r e s e n c e  o f  t h e r m o p h i l i c  o r g a n ism s .
Cooked m eat m edia  and d e x t r o s e  agar  sh a k e s  w ere i n o c u l a t e d  from
some o f  th e  sa m p le s  to  d e te r m in e  w h e th e r  a n a e r o b e s  w ere  p r e s e n t
and o c c a s i o n a l l y  i n o c u l a t i o n s  w ere made i n t o  t h e s e  m edia from
th e  m edia  a lr e a d y  in c u b a t e d  a t  37°C . i f  no o t h e r  o rg a n ism s  had
b e e n  r e c o v e r e d .  At th e  b e g in n in g  o f  t h e  i n v e s t i g a t i o n  agar
p l a t e s  w ere s t r e a k e d  w i t h  th e  p r o d u c t  d i r e c t l y ,  and i n  a d d i t i o n
p l a t e  c o u n ts  w ere made to  g i v e  an i n d i c a t i o n  o f  t h e  number o f
b a c t e r i a  p r e s e n t .  P l a t i n g  was fo u n d ,  h ow ever , t o  b e  o f  l i t t l e
v a l u e  and i s  n o t  recommended. E s t y  and S te v e n so n ^ 6 ^, in
s i m i l a r  e x a m in a t io n s  o f  canned f o o d s ,  a l s o  abandoned d i r e c t
%
p l a t i n g  a s  b e in g  o f  d o u b t f u l  v a l u e .  F i lm s  f o r  m ic r o s c o p ic  
e x a m in a t io n s  w ere made d i r e c t l y  from  t h e  p r o d u c t  and h ave  g iv e n  
u s e f u l  i n d i c a t i o n s  o f  th e  f l o r a ,  b u t  when th e  numbers a r e  lo w ,  
a s  i n  o l d  s a m p le s ,  th e  a b se n c e  o f  o rgan ism s on m ic r o s c o p ic  
e x a m in a t io n  may b e  m is l e a d in g .
1 4 .
( i l l )  Can c o n t e n t s .
The c o l o u r ,  o d o u r ,  c o n s i s t e n c y  and g e n e r a l  c o n d i t i o n  o f  
d e f e c t i v e  sa m p les  o f  e v a p o r a te d  m i lk  and canned cream w ere n o t e d  
a t  t h e  t im e  o f  t e s t i n g  s o  t h a t  i t  m ig h t  be  p o s s i b l e  t o  d e term in e  
w h e th e r  s p e c i f i c  d e f e c t s  were a s s o c i a t e d  w ith  c e r t a i n  t y p e s  o f  
b a c t e r i a .
( i v )  R e co v ery  o f  b a c t e r i a  from u n s t e r i l e  ca n s  and t h e i r  
i d e n t i f i c a t i o n .
When p o s s i b l e  t h e  o rg a n ism s  i n  th e  u n s t e r i l e  sa m p le s  were  
p u r i f i e d  b y  d i l u t i o n  and p l a t e  c u l t u r e ,  and w ere f u r t h e r  
exam ined f o r  m o r p h o lo g ic a l ,  c u l t u r a l  and b io c h e m ic a l  c h a r a c ­
t e r i s t i c s .  A l i s t  o f  t e s t s  u s e d  f o r  th e  d i f f e r e n t i a t i o n  o f  
th e  i s o l a t e d  b a c t e r i a  i s  g i v e n  b e low .
Type o f  c e l l  and c o lo n y .
M o t i l i t y .
S t a i n i n g  p r o p e r t i e s  -  Gram and w i t h  common 
d y e s .
S p ore  fo r m a t io n .
Growth on ag a r  s l a n t ,  
i n  a g a r  s t a b ,
g l u c o s e  a g a r  s t a b ,  Q 
g e l a t i n e  s t a b  a t  22 C.
Growth i n  l i t m u s  m i lk ,  
b r o t h ,
g l u c o s e  b r o t h ,
M acConkey's b i l e  s a l t  b r o t h .
P i n a l  pH in  g l u c o s e  b r o t h .
C arb oh yd rate  f e r m e n t a t io n s  -  l e v u l o s e ,  g l u c o s e ,  
l a c t o s e ,  m a l t o s e ,  r a f f i n o s e ,  s a l i c i n ,  
m a n n ite ,  s t a r c h .
N i t r a t e  r e d u c t i o n  1% KN03 .
I n d o l  p r o d u c t io n  -  E h r l i c h ' s  m ethod. 
V o g e s -P r o s k a u se r  t e s t .  B a r r i t t ’ s  m o d i f i c a t i o n .  
R e d u c t io n  o f  m e th y le n e  b lu e  . 1 % i n  m i lk .  
S p l i t t i n g  o f  sodium  h ip p u r a t e .
S p l i t t i n g  o f  a e s c u l i n .
As t h e  m edia c u l t u r e d  d id  n o t  d i f f e r  a p p r e c ia b ly  from t h e  
r e c i p e s  i n  g e n e r a l  u s e  no d e t a i l s  h a v e  b e e n  s t a t e d .  A l l  th e  
o rg a n ism s  w ere n o t  exam ined by e v e r y  t e s t ;  a d e c i s i o n  a s  to  
w h ich  t e s t s  were em ployed  depended on w h eth er  th e  c u l t u r e s  were  
h e a t  r e s i s t a n t .  The in c u b a t io n  te m p era tu re  was u s u a l l y  37°C.
R e s u l t s  and D i s c u s s i o n .
1 . S t e r i l i t y  o f  com m ercia l s a m p le s .
( a )  E vap ora ted  m i l k .
100 p er  c e n t ,  o f  t h e  t i n s  w hich  had  b e e n  o b t a in e d  from  
g e n e r a l  s o u r c e s  were found to  be  s t e r i l e .  I t  i s  p r o b a b le  t h a t  
th e  lo w e r  v a lu e  o f  th e  f a c t o r y  s a m p le s ,  n am ely  94  and 93 p e r  
c e n t .  (T a b le  l ) ,  w ould b e  a s s o c i a t e d  w ith  some s p e c i a l  c ircu m ­
s t a n c e  o f  o p e r a t i o n .  W ith th e  sa m p le s  from  F a c t o r y  X d e f i n i t e  
e v id e n c e  o f  t h i s  was a v a i l a b l e  a s  more th a n  h a l f  o f  th e  u n s t e r i l e  
sa m p le s  from  t h i s  f a c t o r y  w ere prod u ced  d u r in g  a 10 day p e r i o d ,  
when i t  seem ed l i k e l y  t h a t  th e  p r o c e s s i n g  was n o t  b e i n g  c a r r i e d  
o u t  a s  e f f i c i e n t l y  a s  u s u a l .
T e s t s  on th e  s p e c i a l  sa m p le s  w hich  w ere  exam ined b e c a u s e  
t h e y  were e i t h e r  o b v i o u s l y  d e f e c t i v e  o r  a s s o c i a t e d  w ith  d e f e c t i v e  
p a ck s  showed, a6 w ould b e  e x p e c t e d ,  a much h ig h e r  p e r c e n t a g e  t o  
be u n s t e r i l e .
( b )  Canned cream .
100  p e r  c e n t . o f  th e  sa m p le s  t e s t e d  from  g e n e r a l  s o u r c e s  were  
a g a in  found to  be  s t e r i l e ,  b u t  th e  p e r c e n t a g e  o f  s t e r i l e  f a c t o r y  
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e x p la n a t io n  o f  t h i s  i t  was fo u n d  t h a t  t h e  p e r c e n t a g e  o f  u n s t e r i l e  
f a c t o r y  sam ples was c o n s id e r a b ly  h ig h e r  w i t h  12 o z .  ca n s  than  
w ith  s m a l l e r  p a c k s .  The s m a l le r  c o n t a i n e r s  exam ined  c o n s i s t e d  
o f  3 and 6 o z .  can  s a m p le s ,  t o g e t h e r  w i t h  a few  s m a l l  g l a s s  
j a r s .  I t  m igh t b e  a n t i c i p a t e d  t h a t  i t  w ould be more d i f f i c u l t  
t o  s t e r i l i s e  th e  l a r g e  c a n s ,  s i n c e  t h e r e  w ould be  a l a g  i n  
a t t a i n i n g  t h e  n e c e s s a r y  te m p era tu re  compared w i t h  th e  s m a l le r  
c o n t a i n e r s .  The d i f f i c u l t y  i n  a d j u s t i n g  t h e  p r o c e s s  to  
com pensate  f o r  t h i s  l a g  w ould be p a r t i c u l a r l y  marked where th e  
f a c t o r y  had b e e n  un accu stom ed  t o  p r o c e s s i n g  12 o z .  can s  
p r e v i o u s l y ,  and i n q u i r y  r e v e a l e d  t h a t  t h e  m a j o r i t y  o f  t h e s e  
sam p les  w ere  exam ined  when t h e  f a c t o r i e s  w ere  p r o c e s s i n g  th e  
l a r g e  ca n s  f o r  t h e  f i r s t  t im e .  The f i g u r e s  g i v e n  in  T ab le  2 
show c l e a r l y  t h a t  t h e  12 o z .  can s  w ere  c h i e f l y  r e s p o n s i b l e  f o r  
t h e  h ig h  n o n - s t e r i l i t y  f i g u r e s .  Twenty p e r  c e n t ,  o f  t h e  t o t a l  
can s  o f  cream exam ined w ere u n s t e r i l e ,  b u t  t h e  c o r r e s p o n d in g  
p e r c e n t a g e  f o r  12 o z .  can s  was 77 p e r  c e n t ,  w h i le  f o r  th e  s m a l le r  
p ack s  i t  was o n ly  8 p e r  c e n t .  I t  w i l l  be  s e e n  t h a t  u n s t e r i l e  
l a r g e  t i n s  a c co u n te d  f o r  65 p er  c e n t ,  o f  th e  t o t a l  n o n - s t e r i l e  
canned cream f i g u r e s .
2. T ypes o f  d e f e c t i v e  sa m p les  e n c o u n te r e d  and a s s o c i a t e d
b a c t e r i o l o g i c a l  f l o r a .
T a b le  3 sum m arises th e  t y p e s  o f  d e f e c t i v e  sa m p le s  w hich  
w ere i n v e s t i g a t e d  and t h e  a s s o c i a t e d  b a c t e r i a  i s o l a t e d  from  them. 
I t  s h o u ld  b e  n o t e d  t h a t  i n  t h e  c l a s s i f i c a t i o n  i n t o  d i f f e r e n t  
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ap p ea r  from  th e  t a b l e ,  a l th o u g h  i t  i s  p r o b a b ly  t r u e  t h a t  t h e  
ty p e  o f  d e f e c t  m ig h t  h ave  d e v e lo p e d  f u r t h e r  on p r o lo n g e d  s t o r a g e .
By u s i n g  t h e  r e s i s t a n c e  t o  h e a t  o f  th e  o rg a n ism s  w h ich  w ere  
r e c o v e r e d  a s  a b road  b a s i s  o f  c l a s s i f i c a t i o n  t h e  d e f e c t s  h ave  
b e e n  d i v i d e d  i n t o  two g r o u p s ,  u n d er  w hich  th e y  w i l l  be  co n ­
s i d e r e d .  The two g ro u p s  a r e :  (A) a w id e ly  m ixed  g e n e r a l  f l o r a
c o n t a i n i n g  v a r i e t i e s  o f  o rg a n ism s  w hich  do n o t  w i t h s t a n d  h ig h  
t e m p e r a tu r e ,  and (B ) a r e s t r i c t e d  f l o r a  w hich  a r e  h e a t  r e s i s t a n t  
and o f  t h e  sp o refo rra in g  ty p e .
The r e a s o n s  f o r  d i f f e r e n t i a t i n g  th e  o rg a n ism s  i n t o  t h e s e  
two g rou p s may b e  b r i e f l y  s t a t e d  a s  f o l l o w s :  N o n -h ea t  r e s i s t a n t
b a c t e r i a  w i l l  a lm o s t  i n v a r i a b l y  g a in  a c c e s s  t o  t h e  can  d u r in g  
th e  c o o l i n g  p r o c e s s  when, th rou gh  bad seam in g  or  f a u l t y  s e a l i n g ,  
l e a k a g e s  o f  a i r  and w a te r  i n t o  t h e  can  may o c c u r .  Su ch  con­
ta m in a t io n  may t h e r e f o r e  b e  lo o k e d  upon a s  a c c i d e n t a l .  H eat  
r e s i s t a n t  b a c t e r i a  w i l l ,  h o w ev er ,  u s u a l l y  be  p r e s e n t  a s  a r e s u l t  
o f  in a d e q u a te  s t e r i l i s a t i o n .  T here  w i l l  o f  c o u r s e  b e  e x c e p t i o n s  
t o  t h e s e  two g e n e r a l i s a t i o n s ,  e . g .  g r o s s  u n d e r s t e r i l i s a t i o n  may 
r e s u l t  i n  t h e  s u r v i v a l  o f  n o n - h e a t  r e s i s t a n t  t y p e s ,  w h i l e  s p o r e ­
fo r m e r s  m ig h t  be  among t h e  o r g a n ism s  w h ich  e n t e r  a c c i d e n t a l l y  
th ro u g h  m e c h a n ic a l  d e f e c t s  i n  t h e  c a n s .
A. S p o i la g e  due t o  n o n - s p o r e f o r m e r s .
In  o r d e r  to  d i v i d e  t h e  o rg a n ism s  i s o l a t e d  from d e f e c t i v e  
sa m p le s  i n t o  one o f  th e  two m ain groups a s tu d y  was made o f  
t h e i r  h e a t  r e s i s t a n c e .  Sm all tu b e s  o f  s t e r i l e  sk im  m i lk  w e re  
in o c u l a t e d  w ith  t h e  c u l t u r e s  and t h e n  h e a t e d  f o r  20 m in u te s  a t
d i f f e r e n t  te m p e r a tu r e s  i n  a t h e r m o s t a t i c a l l y  c o n t r o l l e d  g l y c e r i n e
h a t h .  I t  was found t h a t  n e a r l y  a l l  th e  n o n -s p o r e fo r m e r s  w ere
o
k i l l e d  a t  from  60 t o  65 C . , e x c e p t  f o r  a  few  c o c c i  w hich  r e q u ir e d
o
a  te m p er a tu r e  o f  69 t o  70 C. Thus i t  i s  c l e a r  t h a t ,  i f  t h e y  
d id  n o t  g a in  e n t r a n c e  t o  th e  can s  a f t e r  p r o c e s s i n g ,  th e  l a t t e r  
m ust h ave  b e e n  g r o s s l y  u n d e r s t e r i l i s e d .
I t  i s  d o u b t f u l  w h ether  any im p o rta n ce  can b e  a t t a c h e d  to  th e  
actual type o f  n o n - h e a t - r e s i s t a n t  o rg a n ism s  p r e s e n t  i n  d e f e c t i v e  
c a n s ,  s i n c e ,  i f  c o n ta m in a t io n  i s  due t o  m e c h a n ic a l  d e f e c t s ,  th e  
f l o r a  e n t e r i n g  th e  can  i s  l i k e l y  t o  b e  m ixed . A d i v e r s i t y  o f  
ty p e  o f  d e f e c t  and o f  c a u s a t i v e  b a c t e r i a  i s  t h e r e f o r e  i n e v i t a b l e .  
M oreover , e v en  i f  d e f e c t s  a s s o c i a t e d  w i t h  n o n - h e a t - r e s i s t a n t  
o rg a n ism s  w ere due t o  s e r i o u s  u n d e r s t e r i l i s a t i o n ,  a f a i r l y  l a r g e  
v a r i e t y  o f  t y p e s ,  p r o b a b ly  c h i e f l y  h e a t - d u r i c  s t r e p t o c o c c i ,  would 
s u r v i v e .  I t  i s  p r o b a b le  t h a t  i n  an e x c e l l e n t  medium l i k e  m i lk  
m ost o f  th e  c o n ta m in a t in g  o rg a n ism s  w ould  f i n d  c o n d i t i o n s  
s u i t a b l e .  I t  may b e  n o t e d  t h a t  when f a u l t y  c o n t a i n e r s  a r e  th e  
c a u s e  o f  c o n t a m in a t io n  s p o i l a g e  u s u a l l y  o c c u r s  i n  c a s u a l  c a n s .
Such s p o i l a g e  may b e  c l a s s e d  u n d er  two g e n e r a l  h e a d s  as  
f o l l o w s : -
( i )  G assy  f e r m e n t a t i o n . When t h i s  o c c u r s  th e  "blown" cans  
( o r  " b lo a t s "  or  " s w e l l  h ea d s"  a s  t h e y  a re  u s u a l l y  term ed ) become  
b u lg e d  a t  th e  en d s  due^ t o  t h e  e v o l u t i o n  o f  gas  w hich  i s  u s u a l l y  
t h e  r e s u l t  o f  b a c t e r ia ^ m e t a b o l i s m .  In  ex trem e  c a s e s ,  s u c h  
f e r m e n t a t io n  may b e  accom panied  b y  b u r s t i n g  o f  t h e  seam s.
S avage  and H u n w ick e^ ^  fou n d  t h a t  B. c o l l . , B. c l o a c a e
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s t r a i n s ,  a y e a s t ,  a  s t r e p t o c o c c u s ,  a d i p l o c o c c u s , and some 
p le o m o r p h ic  c o c c o i d a l  o rgan ism s w ere r e s p o n s i b l e  f o r  ' • b l o a t s 1’ i n  
e v a p o r a te d  m i lk ,  and t h a t  i n  m ost sa m p le s  th e  m i l k  was a l s o  
c l o t t e d .  H a m m e r r e p o r t e d  a c a s e  o f  f e r m e n t a t io n  due t o  a 
g a s -p r o d u c in g  s t r e p t o c o c c u s ,  i n  w h ich  the  m i lk  f a i l e d  t o  c l o t ,  
a lth o u g h  t h e  f l a v o u r  was abnorm al.
N e a r ly  h a l f  t h e  d e f e c t i v e  e v a p o r a te d  m i lk  sa m p le s  exam ined  
i n  t h e  p r e s e n t  s u r v e y  (T a b le  3 )  w ere  " b l o a t s ” and g a s s y  ferm en­
t a t i o n  was t h e  commonest s i n g l e  c a u s e  o f  d e f e c t i v e  u n sw eeten ed  
canned m i lk .  As r e g a r d s  th e  c o n d i t i o n  o f  th e  c o n t e n t s  o f  th e  
a f f e c t e d  m i lk ,  th e  e x t e n t  to  w hich  f r o t h i n g  o c c u r r e d  a f t e r  
o p e n in g  v a r i e d ,  and t h e  c o n s i s t e n c y  o f  th e  c o n t e n t s  a l s o  v a r i e d ,  
a l th o u g h  n e a r l y  a l l  th e  sa m p le s  w ere c l o t t e d .  The sa m p le s  o f t e i  
h ad , i n  a d d i t i o n ,  an u n p le a s a n t  so u r  " ch eesy"  s m e l l  and a bad  
f l a v o u r .  When th e  p r o d u c t  was c l o t t e d  i t  c o u ld  b e  d e t e c t e d  by  
th e  'thum ping sound and f e e l ’ when t h e  t i n s  w ere sh a k en .  Canned 
cream " b lo a ts"  were s i m i l a r  i n  c h a r a c t e r  t o  t h o s e  d e s c r i b e d  f o r  
e v a p o r a te d  m i l k ,  b u t  w ere l e s s  num erous.
A v a r i e t y  o f  d i f f e r e n t  b a c t e r i a  was i s o l a t e d  from  t h e  
" b l o a t s " ,  w hich  o f t e n  had a m ixed  f l o r a .  C o c c i  w ere  t h e  common­
e s t  t y p e s  o f  o rg a n ism  i s o l a t e d  and many s t r a i n s  w ere r e c o v e r e d .  
A lth o u g h  a lm o s t  a l l  th e  c o c c i  q u i c k l y  p rod u ced  a c i d i t y  i n  su gar  
m edia  and c u r d le d  m i l k  t h e y  w ere n o t  a b le  t o  p rod u ce  g a s  and 
t h e r e f o r e  w ere  n o t  r e s p o n s i b l e  f o r  th e  " s w e l l s " ,  a l th o u g h  th e y  
o b v i o u s l y  c o n t r ib u t e d  t o  t h e  c u r d l in g .
Of t h e  o rg a n ism s  i s o l a t e d  t h o s e  c a p a b le  o f  p r o ­
d u c in g  g a s  when r e in o c u la t e d  in t o  canned p r o d u c ts  w ere  e n t i r e l y  
o f  th e  s h o r t  r o d , gram n e g a t iv e ,  E s c h e r ic h ia  g en u s and r e la t e d  
b a c t e r i a .  T h is  group o f  o rg a n ism s fe r m e n ts  many c a r b o h y d r a te s  
w ith  th e  p r o d u c t io n  o f  a c id  and g a s .  I t  r a p id ly  c u r d le s  m ilk  
and form s a g a s6 y  curd  w ith  u n p le a s a n t  o d o u r . S ix t e e n  c u l t u r e s  
w ere exam ined  in  g r e a t e r  d e t a i l  and w ere f i n a l l y  c l a s s i f i e d  b y  
t h e i r  r e a c t io n s  a s : -
S t r a in s  o f  E s c h e r ic h ia  c o l l  conm unis 12
" " A e r o b a c te r  l a c t i s  a e r o g e n e s  1
" " A e r o b a c te r  c lo a c a e  3
One s p e c i e s  o f  y e a s t  was a l s o  i s o l a t e d ,  b u t  s in c e  i t  d id
n o t  ferm en t l a c t o s e  i t  was o b v io u s ly  n o t  r e s p o n s ib le  f o r  th e  
'’s w e l l ” .
( i i )  C o a g u la t io n . M icro -o rg a n ism s i s o l a t e d  from  ca n s  o f  w hich  
th e  c o n te n t s  w ere c o a g u la te d  and s o u r , b u t i n  w h ich  g a s  p ro d u c­
t i o n  was a b s e n t ,  w ere  a lm o st  e n t i r e l y  o f  th e  c o c c i  ty p e  and w ere  
s i m i l a r  to  t h o s e  m en tio n ed  a s  i s o l a t e d  from  " b lo a t s ” .
I t  may b e  n o te d  t h a t  s e v e r a l  c u l t u r e s  o f  c o c c i  h a v e  b e e n  
r e c o v e r e d  from  p r o d u c ts  w h ich  d id  n o t  e x h i b i t  any d e f e c t .  T h ese  
b a c t e r ia  d id  n o t  a l t e r  l i tm u s  m ilk  o r  e v a p o r a te d  m ilk  on p r o ­
lo n g e d  in c u b a t io n  a lth o u g h  th ey  grew  on a g a r  m ed ia . They 
p r o b a b ly  g a in e d  e n tr a n c e  b y  th e  sam e c h a n n e ls  as th e  o th e r  non­
h e a t - r e s i s t a n t  n o n -sp o r e fo r m e r s .
( i i i )  O ther d e f e c t s . Two f u r t h e r  ty p e s  o f  d e f e c t ,  nam ely  
b i t t e r n e s s ^ 8  ^ and f i s h i n e s s ^ ,  h a v e  b e e n  a t t r ib u t e d  i n  th e  p a s t
to  th e  n o n -s p o r e fo r m e r s . N e ith e r  b i t t e r n e s s  due to  n o n -  
sp o refo rra ers  nor f i s h i n e s s  was e n c o u n te r e d  in  th e  p r e s e n t  
i n v e s t i g a t i o n .
In  e le v e n  d e f e c t i v e  sa m p le s , s i x  o f  w h ich  w ere a t  l e a s t  
3 m onths o ld ,  i t  was n o t  fou n d  p o s s i b l e  to  r e c o v e r  v i a b l e  
organ ism s a lth o u g h  th e  c o n t e n t s  w ere e i t h e r  " b lo a ted "  o r  coagu ­
l a t e d .  In  t h i s  c o n n e x io n  i t  may be n o te d  th a t  i t  was v e r y  
d i f f i c u l t  to  k eep  t h e s e  o rg a n ism s a l i v e  f o r  any le n g t h  o f  tim e  
i n  th e  la b o r a to r y  u n l e s s  s p e c i a l  p r e c a u t io n s  w ere ta k e n . I t  
t h e r e f o r e  seem ed p r o b a b le  t h a t  i n  t h e s e  e le v e n  d e f e c t i v e  sa m p les  
th e  c a u s a t iv e  org a n ism s had d ie d  o u t  d u r in g  s t o r a g e .
B. S p o i la g e  due to  sp o r e fo r m e r s .
B e fo r e  d e a l in g  i n  d e t a i l  w ith  s p o i la g e  ca u sed  by s p o r e ­
fo rm ers  i t  sh o u ld  be o b se r v e d  t h a t  a lth o u g h  su ch  s p o i la g e  i s  
u s u a l l y  more w id e sp r e a d  th an  o c c u r s  w ith  th e  n o n - h e a t - r e s i s t a n t  
t y p e s ,  th e  c o n te n t s  o f  many can s from  an a f f e c t e d  b a tc h  may be  
fou n d  to  be s t e r i l e .  Thus c o n c lu s io n s  a s  t o  th e  s t e r i l i t y  o f  
any b a tc h  w hich  a r e  b a se d  on th e  e x a m in a tio n  o f  a s i n g l e  can  may 
be m is le a d in g .  E s ty  and S t e v e n s o n ^  h ave  s t r e s s e d  t h i s  p o in t  
and have s u g g e s te d  t h a t  a minimum o f  24 can s sh o u ld  b e  u se d  as  
a b a s i s  fo r  d ia g n o s i s .  As a lr e a d y  n o t e d , in  t h i s  i n v e s t i g a t i o n  
up t o  8 ca n s  from  e a c h  b a tc h  w ere exam ined .
A n a ero b ic  s p o r e fo r m e r s .
I t  h a s  b e e n  r e p o r te d  by S avage a n d  H u n w ic k e ^ ) t h a t  s p o r i n g  
a n a ero b es  w ere  r e s p o n s ib le  f o r  u n s o u n d n e s s  i n  3 o u t  o f  47 
s a m p le s , an d  t h a t  a n a e r o b i c  s p o r e f o r m e r s  c o u l d  b e  p r e s e n t  i n
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sou n d  sa m p le s  a l s o .  H u n ziker^ 1 0  ^ r e p o r te d  e p id e m ic s  o f  g a s s y  
fe r m e n ta t io n  w hich  in v o lv e d  a number o f  ca n s  w h ich  he fou n d  to  
h e  due t o  P le c t r id iu m  fo e t id u m . T h is  o b l i g a t e  an aerob e had a 
th erm al d e a t h - p o in t  b e tw een  245 and 2 5 0 ° P ., and n e a r ly  a lw a y s  
p rod u ced  a f o u l  odour and in t e n s e  p u t r e f a c t i o n .
In  th e  p r e s e n t  s tu d y  o v er  e ig h t y  sp o r e fo r m e r s  h ave  b e e n  
i s o l a t e d  b u t o n ly  two w ere a n a e r o b ic , and t h e s e  w ere o b ta in e d  
from  sound c a n s . The number o f  a n a e r o b ic  sp o r e fo r m e r s  w hich  
n o r m a lly  s u r v iv e  p r o c e s s in g  and w hich  c a u se  d e f e c t s  i n  th e  p r o ­
d u c ts  ca n n o t t h e r e f o r e  be o f  g r e a t  im p o rta n ce .
A e r o b ic  o r  f a c u l t a t i v e  a e r o b ic  s p o r e fo r m e r s .
In  n e a r ly  a l l  in s t a n c e s  w here a e r o b ic  or  f a c u l t a t i v e  a e r o b ic  
sp o r e fo rm e r s  have b e e n  i s o l a t e d  o n ly  one s p e c i e s  h a s  b een  obtained  
from  e a ch  b a tc h  o f  p r o d u c t  w here s p o i la g e  h as b een  e v id e n t .  The 
c o n d it io n  o f  th e  m ilk  or cream  i n  su c h  can s h a s  v a r ie d  from  a
sm ooth , s o f t  c l o t  w ith  o r  w ith o u t  lu m p in ess  to  a v e r y  t h in  con­
s i s t e n c y ,  th e  s m e l l  and f la v o u r  b e in g  p u t r id ,  b i t t e r ,  o r  s l i g h t l y  
i n d i c a t i v e  o f  p r o t e in  breakdow n. A l l  c o m b in a tio n s  o f  c o n s i s ­
t e n c y  and o f f - f l a v o u r  h ave  b e e n  fo u n d , i n  s p i t e  o f  t h e  f a c t  t h a t  
i n  th e  sa m p les  exam ined  th e  b a c t e r ia  i s o l a t e d  w ere a l l  c l o s e l y  
r e la t e d .
( a )  C l a s s i f i c a t i o n  o f  a e r o b ic  sp o r e fo r m in g  o rg a n ism s I s o l a t e d  
from  canned  cream  and e v a p o r a te d  m i lk .
F i f t y - t w o  c u l t u r e s  o f  a e r o b i c  o r  f a c u l t a t i v e  a e r o b i c  s p o r e ­
f o r m e r s  h a v e  b e e n  exam ined  i n  d e t a i l .  I n c l u d e d  among t h e s e  a r e
some c u l t u r e s  w h ic h  w e r e  i s o l a t e d  f r o m  p r o d u c t s  w h i c h  w e re  n o t
n o t i c e a b l y  d e f e c t i v e  when e x a m i n e d ,  a l t h o u g h  t h e  o r g a n i s m s  
r e s e m b l e d  v e r y  c l o s e l y  t h o s e  i s o l a t e d  f r o m  f a u l t y  c a n s .  F o r
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i n s t a n c e ,  35 cream sa m p les  ap p eared  to  b e  soun d  y e t  t h i s  ty p e  o f  
sp o r e fo rm e r  was i s o l a t e d  from  them . T h ese  can s h a d , h ow ever, 
o n ly  b een  s u b j e c te d  to  abou t a w eek ’ s in c u b a t io n  a t  37°C . I t  
w i l l  be shown l a t e r  t h a t  t h i s  in c u b a t io n  p e r io d  may b e  i n s u f f i ­
c i e n t  to  a l lo w  th e  f u l l  d eve lop m en t o f  s p o i la g e .
In  th e  p a s t  th e r e  h a s  b een  some c o n fu s io n  in  th e  c l a s s i ­
f i c a t i o n  o f  t h i s  g ro u p . B. s u b t i l i s  h as b een  r eg a r d e d  a s  th e  
ty p e  s p e c i e s ,  b u t d i f f e r e n t  w ork ers h ave  em ployed  v a r io u s  s t r a i n s  
o f  t h i s  org a n ism  as a b a s i s  o f  c l a s s i f i c a t i o n .  In  1 9 3 6 , 
h o w ev er , th e  Second I n t e r n a t io n a l  M ic r o b io lo g ic a l  C o n feren ce  
d e c id e d  th a t  G o t t h e i l ' s  s t r a i n  o f  B. s u b t i l i s  (o r  th e  s o - c a l l e d  
Marburg s t r a i n )  sh o u ld  b e  r e c o g n is e d  a s  th e  ty p e  c u l t u r e  f o r  
th e  a e r o b ic  s p o r e fo r m e r s . S in c e  th e  ty p e  c u l t u r e  h a s  b een  f i x e d  
th e  c o n fu s io n  h a s  b e e n  red u ced  and th e  c l a s s i f i c a t i o n  a d o p ted  
h e r e  h a s  b e e n  th a t  s u g g e s te d  b y  G ib son ^ 1 1 ’ 1 2 ’ 1 3 ^. The d i f f e r e n t  
s t r a i n s  i s o l a t e d  w ere  o f  th e  same g e n e r a l  t y p e ,  i . e .  th e y  grew  
w e l l  on  common m ed ia , sp o r e d  r e a d i l y  and d ig e s t e d  g e l a t i n e  and 
l i t m u s  m ilk ,  a l l ,  e x c e p t  B. c i r c u l a n s , p r o d u c in g  an a l k a l i n e  
r e a c t io n  in  th e  l a t e r  s t a g e s .  The num bers o f  e a c h  s t r a i n  w ere  
fo u n d  to  be a s  f o l l o w s s -
No. o f % o f
s t r a i n s t o t a l
B. s u b t i l i s * 36 69
B. l i c h e n i f o r r a is * 8 15
B. p u m ilu 8* 3 6
B. b r e v is 2 4
B. c i r c u la n s 2 4
B. c e r e u s 1 2
T o ta l 52 100
*  TheBe c u l t u r e s  h a v e  b e e n  r e f e r r e d  to  e a r l i e r ( 1 4 )  a s  3 . v u l g a t u s  
B. s u b t i l i s  and  B. m e s e n t e r i c u s . The nam es  g i v e n  h e r e  a r e  
now i n  a g r e e m e n t  w i t h  t h e  e s t a b l i s h e d  ty p e  s p e c i e s .
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The l a r g e s t  number o f  one s p e c i e s  was 69 p e r  c e n t ,  o f  
B. s u b t i l i s , w h ich  t o g e t h e r  w ith  B. l l c h e n i f o r m is  and B. p u m ilu s  
a r e  p ro b a b ly  th e  m ost h e a t  r e s i s t a n t ,  and o ccu r  commonly in
m ilk , e s p e c i a l l y  i f  th e  c o n d it io n s  o f  th e  b y re  a r e  d i r t y .  I t
may b e  n o te d  th a t  t h e s e  o rg a n ism s w ere fou nd  a s  s p r e a d e r s  on th e  
0 an<3- \o O  p l a t e s  i n  th e  m ilk  sa m p les  p rod u ced  u n d er  d i r t y  
c o n d i t io n s  w h ich  w ere exam ined  and h ave  b e e n  r e p o r te d  i n  th e
a p p en d ix . Thus b u lk  m ilk , u n le s s  i t  h a s  a h i^ i  s ta n d a r d  o f
c l e a n l i n e s s  d u r in g  p r o d u c t io n , commonly c o n ta in s  num bers o f  h e a t  
r e s i s t a n t  s p o r e fo r m e r s , w h ich  a r e  a p o t e n t i a l  s o u r c e  o f  s p o i la g e  
i n  can n ed  d a ir y  p r o d u c ts .
(b )  S p o ila g e  in d u ced  b y  a e r o b ic  s p o r e fo r m e r s .
In  o r d e r  to  c o n fir m  th e  r e l a t i o n s h i p  b e tw een  a e r o b ic  
sp o r e fo rm e r s  and th e  d e f e c t s  a lr e a d y  m e n tio n e d , i t  was o b v io u s ly  
d e s ir a b le  to  i n v e s t i g a t e  to  w hat e x t e n t  t h e s e  b a c t e r ia  ( i s o l a t e d  
c h i e f l y  from  d e f e c t i v e  p r o d u c t s )  c o u ld  rep ro d u c e  s p o i l a g e  on  
in o c u l a t io n  in t o  sound c a n s . W ith  t h i s  o b j e c t  31 c u l t u r e s  
w ere ea ch  in o c u la t e d  in t o  from  3 to  6 t i n s  o f  e v a p o r a te d  m ilk  or  
can n ed  cream  and in c u b a te d  a t  37°C . The c u l t u r e s  in o c u la t e d  
c o n s i s t e d  o f  22 s t r a i n s  o f  B. s u b t i l i s , 4  o f  B. l i c h e n i f o r m i s ,
2 o f  B. b r e v i s  and o f  B. c ir c u la n s  and 1 s t r a i n  o f  B. c e r e u s .
In  a d d it io n  som e more s t r a i n s  o f  B. s u b t i l i s  h a v e  b e e n  in o c u la te d  
i n t o  cann ed  cream  o n ly .
The f o l l o w i n g  m ethod was a d o p ted  f o r  i n o c u l a t i n g  th e  c a n s .
A s m a ll  h o le  a b o u t £  in c h  in  d ia m e te r  '//as made in  th e  to p  by  
th e  same m ethod a s  was u se d  f o r  sa m p lin g  th e  p r o d u c t s .  A
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l o o p f u l  o f  c u l t u r e  was in tr o d u c e d  in t o  th e  cream or  e v a p o r a te d  
m ilk  and th e  ca n  was r e - s e a l e d  b y  s o ld e r in g  a s t e r i l i s e d  
c i r c u l a r  p ie c e  o f  t i n  p l a t e  a b ou t 1 in c h  i n  d ia m e te r  o v e r  th e  
h o l e .  The can s w ere  opened  a f t e r  p e r io d s  o f  in c u b a t io n  o f  from  
1 w eek t o  18 m on th s, and w ere exam ined  in  a s i m i l a r  manner to  
th o s e  opened  d u r in g  th e  g e n e r a l s u r v e y . C o n tr o l can s w ere a ls o  
in c u b a te d  and exam ined  d u r in g  th e  tim e  t h e  work was in  p r o g r e s s .
Prom su ch  a r t i f i c i a l  r e - i n o c u l a t i o n  i t  m ig h t have b een  
e x p e c te d  t h a t  a d e f i n i t e  co n n ex io n  b etw een  d e f e c t i v e  canned  
d a ir y  p r o d u c ts  and th e  a e r o b ic  s p o r e fo r m e r s , w h eth er  o r  n o t  th e y  
w ere i s o l a t e d  from  f a u l t y  o r  sound c a n s ,  w ou ld  h ave  b een  
e s t a b l i s h e d .  However a c l e a r  c o n n e x io n  b e tw e en  th e  two was n o t  
fou n d  t o  e x i s t ,  a s  w i l l  b e  s e e n  from  th e  f o l lo w in g  summary o f  
r e s u l t s .
( 1 )  Only one o u t s ta n d in g  d e f e c t  was in d u ced  by th e  in o c u la t io n  
o f  th e  a e r o b ic  s p o r e fo r m e r s , t h a t  o f  t h in n in g  and th e  a s s o c ia t e d  
b i t t e r n e s s  o f  f la v o u r .  T h is  d e f e c t  was fou n d  t o  b e  o f  g r e a t  
com m ercia l im p o r ta n c e , 63 p e r  c e n t ,  o f  th e  s p o i la g e  in  th e  
canned  cream  exam ined  b e in g  o f  t h i s  ty p e . I t  was t h e r e f o r e  
made th e  s u b j e c t  o f  a s p e c i a l  s tu d y ^ 1 5  ^ w hich  i s  d e t a i l e d  in  
P a r t  I I I .
(2 )  T here w a s, h o w ev er , a  s lo w  d ev e lo p m en t o f  a s l i g h t l y  p r o ­
t e o l y t i c ,  p u t r id ,  a n d /o r  a s t r in g e n t  f la v o u r  in  many o f  th e  ca n s  
o f  ev a p o r a te d  m ilk  and cream  in o c u la t e d  w ith  s t r a i n s  o f  B.
s u b t i l i s . Some o f  th e  o t h e r  s p e c i e s  a l s o  gave t h i s  s l i g h t l y  
p u t r id  and a s t r in g e n t  f la v o u r  a f t e r  m onths o f  in c u b a t io n ,  b u t
th e  f la v o u r  d ev e lo p m en t was n o t  c o n s i s t e n t .
( 3 )  In  a d d it io n  some s t r a i n s  o f  B. s u b t i l i s  a f t e r  many months 
s t o r a g e  seem ed to  have th ic k e n e d  e v a p o r a te d  m ilk  and to  have  
p rod u ced  a s o f t  c l o t  when com pared w ith  th e  c o n d i t io n  o f  th e  
c o n t r o l  c a n s . I t  ap p eared  t h a t  B. c i r c u la n s  had a l s o  th ic k e n e d  
or  form ed sm a ll c l o t s  i n  e v a p o r a te d  m ilk . In  i n t e r p r e t i n g  j 
t h i s  change i n  c o n s i s t e n c y  a llo w a n c e  m u st, h o w ev er , b e  made fo r  
th e  e f f e c t  o f  th e  h ig h  tem p era tu re  o f  in c u b a t io n  in  c a u s in g  
norm al th ic k e n in g .  In  a d d it io n  th e  h e a t in g  o f  th e  o u t s id e  o f  
th e  can b o th  a t  th e  tim e  o f  i n o c u l a t io n  and o f  e x a m in a tio n  may 
h ave  b een  r e s p o n s ib le  f o r  th e  o b se r v e d  d i f f e r e n c e s  i n  th e  co n ­
s i s t e n c y  o f  th e  m ilk .
(4 )  A l l  th e  can s in o c u la t e d  w ith  th e  fo u r  s t r a i n s  o f  B. l i c h e n i -  
fo r m is  w ere v e r y  s l i g h t l y  '’blown" a f t e r  a p e r io d  o f  from  2 w eeks  
t o  3 m on ths. The c o n s i s t e n c y  w a s , h ow ever, n o rm a l, a lth o u g h  
one or two can s had a s l i g h t l y  p r o t e o l y t i c  f la v o u r .  I t  was 
th o u g h t a t  f i r s t  t h a t  c o n ta m in a t io n  had  o c c u r r e d  b u t f u r t h e r  i n ­
v e s t i g a t i o n  rem oved a l l  p o s s i b i l i t y  o f  t h i s .  B. l i c h e n i f o r m i s . j 
a lth o u g h  i t  d o e s  n o t  u s u a l l y  p rod u ce  g a s  from  c a rb o h y d r a te  f e r -  j 
m e n ta t io n , can  p rod u ce  s m a ll  g a s  b u b b le s  b e tw een  th e  g l a s s  and 
agar i n  d e x tr o s e  a g a r  s ta b  c u l t u r e s ,  and i t  i s  a l s o  th e  m ost 
t o l e r a n t  t o  la c k  o f  oxygen  o f  a l l  th e  c u l t u r e s  exam in ed . I t  seems 
p r o b a b le  t h e r e f o r e  t h a t  B. l i c h e n i f o r m is  may p rod u ce  a s l i g h t  
" sw e ll"  i n  t h e s e  canned  d a ir y  p r o d u c t s ,  e s p e c i a l l y  a s  th e  p l a t e  
c o u n ts  w h ich  a r e  g iv e n  b e lo w  w ere v e r y  h ig h  a f t e r  7 w e e k s , w h ich  
in d ic a t e d  t h a t  grow th  had p r o b a b ly  ta k e n  p la c e  in  th e  t i n s .  j
C u ltu r e  I n o c u la te d  P l a t e  co u n t p e r  m l.
B. l i c h e n i f o r m is  in t o  a f t e r  7  w eeks i n -
S t r a in  c u b a t io n  a t  3 7  C.
No. 91 Canned cream  2 1 ,0 0 0
E v a p o ra ted  m ilk  4 3 ,0 0 0
9 2  Canned cream  ap p rox . 6 0 ,0 0 0
E v a p orated  m ilk  3 2 ,0 0 0
9 4  E v a p o ra ted  m ilk  400
I t  w i l l  b e  s e e n  t h a t  t h e s e  sa m p les  w ith  one e x c e p t io n  had  
p l a t e  c o u n ts  o f  o v e r  2 0 ,0 0 0  p e r  m l. In  co m p arison  p l a t e  c o u n ts  
o f  th e  b a c t e r ia  c a u s in g  b i t t e r n e s s  and  t h in n in g  w hich  w i l l  b e  
r e f e r r e d  to  in  P a r t I I I  w ere v e r y  lo w . U s u a lly  a f t e r  a p e r io d  
o f  from  5 t o  6 w eeks s to r a g e  a t  37°C . th e  p l a t e  c o u n ts  from  su c h  
in o c u la t e d  can s w ere u n d er 1 ,0 0 0 . P l a t e  c o u n ts  made from  any  
o th e r  ca n s  o f  cream  o r  e v a p o r a te d  m ilk  w h ich  had b een  in o c u la t e d  
w ith  o th e r  c u l t u r e s  in  o r d e r  t o  in d u c e  s p o i la g e  w ere  a l s o  low .
( 5 )  The a e r o b ic  sp o r e fo r m e r s  in o c u la t e d  i n t o  ca n s  o f  cream  and 
e v a p o r a te d  m ilk  s u r v iv e d  f o r  lo n g  p e r io d s  e v e n  a t  th e  h ig h  
s t o r a g e  tem p era tu re  o f  37°C . D u rin g  th e  f i r s t  6 m onths o f  
in c u b a t io n  th e  b a c t e r ia  p r e v io u s ly  in o c u la t e d  in t o  th e  ca n s  w ere  
r e c o v e r e d  from  p r a c t i c a l l y  e v e r y  t i n  exam in ed . A f t e r  18 m on th s, 
h o w ev er , th e  r e c o v e r y  o f  b a c t e r i a ,  e v en  from  th e  la r g e  in o c u la  
u s e d , was e x c e p t io n a l .  I t  seem s p r o b a b le  t h a t  i f  a  l a r g e r  number 
o f  t r a n s f e r s  from  th e  can c o n t e n t s  in t o  m edia  had b e e n  made a 
h ig h e r  number w ould  have b een  shown t o  c o n t a in  v ia b l e  b a c t e r ia .  
T h is  p o in t  i s  a p p a ren t from  th e  r e s u l t s  o f  an e x a m in a t io n  made 
o f  a can  o f  r o a s t e d  v e a l  o v e r  100 y e a r s  o ld  b y  W ilso n  and Sh ip^
They fo u n d  th a t  o u t  o f  64 tu b e s  o f  m ed ia  in o c u la t e d  from  th e  
can  c o n t e n t s  a l l  w ere s t e r i l e  e x c e p t  5 w hich  c o n ta in e d  s t r a i n s  
o f  a e r o b ic  sp o r e fo r m e r s .
x  x  x  x  x  x
The ab ove  r e s u l t s  show t h a t  th e  a e r o b ic  sp o r e fo r m e r s  when 
in o c u la t e d  in t o  canned  m ilk  o r  cream  may be r e s p o n s ib le  f o r  a 
v a r i e t y  o f  d e f e c t s ,  v a r y in g  from  v e r y  d e f i n i t e  f a u l t s  su ch  as  
b i t t e r n e s s  and t h in n in g  to  l e s s  e v id e n t  d e f e c t s  su ch  a s  m inor  
ch a n g es in  f la v o u r  and c o n s i s t e n c y .  The r e s u l t s  a l s o  show t h a t ,  
w h ile  in  some can s an o rg a n ism  may n o t  c a u se  s p o i la g e  a lth o u g h  
i t  a p p a r e n t ly  s u r v iv e s  f o r  lo n g  p e r io d s  a f t e r  i n o c u l a t io n ,  when 
in o c u la t e d  in t o  o th e r  c a n s  th e  o rg a n ism  may a f f e c t  th e  p r o d u c t .
I t  i s  c l e a r ,  t h e r e f o r e ,  t h a t  u n d er c o n m e r c ia l c o n d i t io n s  th e  
m an u factu re  sh o u ld  aim a t  a s t e r i l e  p a c k , and i t  seem s o b v io u s  
from  th e  su r v e y  u n d erta k en  t h a t  t h i s  sh o u ld  b e  o r d in a r i ly  q u i t e  
a t t a in a b le .
The v a r ia b le  p r o d u c t io n  o f  s p o i la g e  i n  can n ed  cream  and  
e v a p o r a te d  m ilk  b y  th e  in o c u la t io n  o f  t h e s e  a e r o b ic  sp o r e fo rm e r s  
and th e  v a r ia t io n  i n  th e  e x t e n t  o f  d e f e c t s  when th e y  o c c u r  (a s  
r e p o r te d  a b o v e )p r o b a b ly  a c c o u n ts  f o r  th e  c o n s id e r a b le  d i f f e r e n c e  
o f  o p in io n  in  th e  p a s t  r e g a r d in g  th e  c o n n e x io n  b e tw e en  a e r o b ic  
sp o r e fo r m e r s  and d e t e r i o r a t i o n  i n  can n ed  f o o d s .  Cameron and 
E sty ^ 1 7 -* h ave  r e v ie w e d  t h i s  f u l l y  i n  t h e i r  p a p er  on th e  s p o i la g e  
o f  n o n -a c id  canned  f o o d s .  They exam ined  th e  e f f e c t  o f
in o c u la t in g  canned  m ilk  w ith  s i x  d i f f e r e n t  s t r a i n s  o f  a e r o b ic  
sp o r e fo r m e r s  and r e p o r t e d  t h a t  no p e r c e p t ib l e  d i f f e r e n c e  was 
n o te d  up to  200 d a y s ' s to r a g e  a t  room te m p er a tu r e . On th e  o th e r  
h a n d , S avage and Hunwicke^4 ) c la im e d  th a t  when t h e s e  b a c t e r ia  
w ere added to  e x p e r im e n ta l t i n s  i n  la r g e  num bers th e y  m ig h t be 
a b le  to  p rod u ce  enzym es and prom ote c l o t t i n g  w ith  c o n s id e r a b le  
a c id  p r o d u c t io n . However th e y  s t a t e d  t h a t  when p r e s e n t  in  
s m a ll  numbers and p r o b a b ly  o n ly  a s  s p o r e s  (a s  in  some shop  
sa m p les  o r  a s  i n  l i g h t l y  in o c u la t e d  e x p e r im e n ta l t i n s )  th e y  d id  
n o t  m u lt ip ly  b u t rem ain ed  c o m p a r a t iv e ly  h a r m le s s . T hese a u th o rs  
c o n c lu d e d  t h a t  a e r o b ic  sp o r e fo r m e r s  n e v e r  c a u se d  g a s  p r o d u c t io n  
and v e r y  r a r e ly  u n so u n d n e ss , b u t t h a t  i t  was p o s s i b l e  in  some 
c ir c u m sta n c e s  (w h ich  t h e y  d id  n o t  e l u c i d a t e )  " th a t  th e  b a c t e r ia  
m ig h t be a b le  to  m u lt ip ly  and p rod u ce  s u f f i c i e n t  a c id  t o  ca u se  
a s o l i d  c l o t ” . S avage and H unw icke, a s  w e l l  a s  Cameron and 
E s t y ,  a p p a r e n t ly  e x p e c te d  a c id  d ev e lo p m en t t o  be b ro u g h t a b o u t  
by th e  grow th o f  th e  a e r o b ic  sp o r e fo r m e r s  w hich  th e y  in o c u la t e d  
in t o  canned m ilk . H ow ever, th e  a e r o b ic  sp o r e fo r m e r s  exam ined  
i n  th e  p r e s e n t  s tu d y  (w ith  th e  s i n g l e  e x c e p t io n  o f  B. c i r c u l a n s ) 
f a i l e d  t o  change th e  r e a c t io n  o f  l i t m u s  m ilk  d u r in g  e a r l y  
in c u b a t io n  or  o c c a s i o n a l l y  tu r n e d  i t  s l i g h t l y  more a l k a l i n e ,  
w h ile  on a g in g  a l l  th e  m ilk  c u l t u r e s  show ed a d e f i n i t e  in c r e a s e  
i n  a l k a l i n i t y .  A c l o t  was e i t h e r  p rod u ced  b e f o r e  d i g e s t i o n  
commenced o r  d u r in g  d i g e s t i o n ,  b u t i t  was n e v e r  hard  l i k e  an 
a c id  c l o t  and c o u ld  be e a s i l y  b rok en  up on sh a k in g . I t  a p p ears  
t h e r e f o r e  t h a t  f a u l t s  su ch  a s  a r e  in d u c ed  b y  in o c u l a t in g  s t r e p ­
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t o c o c c i ,  c o l i f o r m  org a n ism s o r  a n a e r o b ic  sp o r e fo rm e r s  in t o  
sound can s a r e  n o t  to  be e x p e c te d  from  th e  a c t io n  o f  th e  common­
e s t  s p e c ie s  o f  a e r o b ic  sp o r e fo r m e r s  o b ta in e d  from  can n ed  cream  
and e v a p o r a te d  m ilk .  T h is  c o n c lu s io n  i s  b o rn e  o u t b y  th e  r e s u lt s  
o b ta in e d  w ith  in o c u la t e d  ca n s  a s  h as a lr e a d y  b e e n  n o te d .
( c )  N ote  on th e  r e l a t i o n s h i p  o f  t h e  a e r o b ic  sp o r e fo rm e r s  
t o  c u r d lin g  i n  e v a p o r a te d  m i lk .
B e fo re  le a v in g  th e  g e n e r a l  s u b j e c t  o f  the a e r o b ic  sp o r e ­
fo rm ers and s p o i la g e  i t  seem s d e s ir a b le  t o  c o n s id e r  in  some 
d e t a i l  c e r t a i n  r e p o r t s  r e g a r d in g  th e  o c c u r r e n c e  o f  c u r d lin g  due 
t o  th e s e  o r g a n ism s . Two d i f f e r e n t  ty p e s  o f  c u r d l in g  w i l l  be  
m en tio n ed .
( i )  * Sw eet* c u r d l in g  or  c u r d in e s s  w ith o u t  in c r e a s e  o f  a c i d i t y . 
R e p o r ts  o f  t h i s  d e f e c t  a r e  o f  i n t e r e s t  b e c a u se  many o f  th e  
o rg a n ism s a lr e a d y  d e s c r ib e d  w e re , s o  f a r  a s  c l a s s i f i c a t i o n  was 
p o s s i b l e ,  o f  s im i la r  s p e c i e s  to  th o s e  r e p o r t e d  a s  c a u s in g  sw e e t  
c u r d l in g ,  and t h e r e f o r e  th e y  w ere  p r o b a b ly  p o t e n t i a l  'sw ee t*  
c u r d le r s .
( 18}T h ayer' ' i n v e s t i g a t e d  n o n -a c id  c o a g u la t io n  o f  e v a p o r a te d  
m ilk . He r e p o r t s  t h a t  B. s u b t i l i s , th e  h a y  b a c i l l u s ,  f ig u r e d  
a c t i v e l y  i n  t h i s  s p o i l a g e ,  and t h a t  th e  th er m a l d e a th  p o in t  o f  
th e  sp o r e s  i n  m ilk  was b e tw een  117 and 122°C . Hammer and 
H ussong^1 9 ) a l s o  i d e n t i f i e d  B. c e r e u s  as r e s p o n s ib le  f o r  cu rd y  
e v a p o r a te d  m ilk . They found  t h a t  c u lt u r e d  e v a p o r a te d  m ilk  i n  
can s c u r d le d  s lo w ly  a t  37°C . w ith o u t  ch an ge i n  od ou r  and f la v o u r  
u n le s s  more a ir  was a d m it te d , when c u r d lin g  o c c u r r e d  r a p id ly  
w ith  th e  p r o d u c t io n  o f  a bad  odour and f la v o u r .  A t y p i c a l
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B. c e r e u s  was a g a in  i s o l a t e d  by K e lly ^ 2 0  ^ from  e v a p o r a te d  m ilk .
The d e f e c t i v e  m ilk  had a c u s t a r d - l ik e  c l o t  on to p  b u t no o th e r
ch a n g e . In  a d d i t io n ,  two s t r a i n s  o f  an organ ism  r e s e m b lin g
B. v u lg a t u s  w h ich  w ere o b ta in e d  from  two w id e ly  s e p a r a te
( 2 1 )d i s t r i c t s  w ere r e p o r te d  by M o rrison  and R e t t g e r v to  ca u se  
s p o i la g e  in  e v a p o r a te d  m ilk .
( i i )  A c id  c u r d lin g  or c u r d in e s s  w ith  in c r e a s e  o f  a c i d i t y . The
c u r d l in g  o f  e v a p o r a te d  m ilk  as a r e s u l t  o f  th e  h ig h  a c i d i t y
p rod u ced  by a e r o b ic  sp o r e fo r m e r s  in  th e  c a n s  h a s  a l s o  b een
( 2 2 )r e p o r t e d . Hammer' ' i s o l a t e d  a rod  sh ap ed  b a c i l l u s ,  B.
c o a g u la n s , from  t h i s  s p o i l a g e ,  and fou n d  t h a t  a lth o u g h  i t  grew
s lo w ly  a t  37°C . i t  d e v e lo p e d  r a p id ly  a t  55°C . and t h a t  a t
5 0 OC .^ 2 3 ’ 2 4  ^ i t  c o u ld  c l o t  m ilk  in  3 to  4  d a y s . H ussong and 
(25 )Hammer' ' ,  i n v e s t i g a t i n g  so u r  c u r d le d  e v a p o r a te d  m ilk  i n  two
s e p a r a t e  c o n d e n s e r ie s ,  fou n d  th e  c a u s a t iv e  o rg a n ism  to  be
B. c a l l d o l a c t l s  w h ich  th e y  had p r e v io u s ly  i s o l a t e d  from  a p la n t
d r y in g  skim  m ilk . T h is  sp o r e fo rm e r  was o f  th e r m o p h il ic
c h a r a c t e r  and f a i l e d  to  grow i n  m ilk  a t  3 7 ° C ., b u t r a p id ly
oc o a g u la te d  m ilk  a t  55 C. i n  under 20 h o u r s .
In  th e  p r e s e n t  s t u d y ,  w ith  th e  p o s s i b l e  e x c e p t io n  o f  two 
s t r a i n s  o f  B. c i r c u la n s  w h ich  p rod u ced  an  a c id  r e a c t io n  w ith  or  
w ith o u t  c u r d l in g  i n  l i t m u s  m ilk ,  no sp o r e fo r m e r s  w ere  r e c o v e r e d  
from  th e  c o a g u la te d  d e f e c t i v e  sa m p les  w h ich  p rod u ced  any a p p re ­
c i a b l e  a c i d i t y  on r e in o c u la t io n  i n t o  m ilk  m ed ia . N e v e r t h e le s s  
org a n ism s p r o d u c in g  a c id  c u r d l in g  h ave  b een  m en tio n ed  b e c a u s e  
sp o r e fo r m e r s  o f  t h i s  ty p e  w ere o b t a in e d  i n  f a i r l y  la r g e  n u m b e rs
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from  sp r a y  d r ie d  m ilk  pow der p l a t e s  in c u b a te d  a t  55°C . ( s e e  
P a r t  IV), and th u s i t  w ould  app ear t h a t  i n  th e  b u lk  in co m in g  
m ilk  a t  th e  f a c t o r y  th e y  may b e  f a i r l y  comnon. The f a c t  t h a t  
n on e w ere , h ow ever, i s o l a t e d  ev en  a f t e r  in c u b a t in g  in o c u la t e d  
m edia  a t  5 5 ° C ., a tem p era tu re  a t  w h ich  b o th  B. c a l i d o l a c t l s  
and B. c o a g u la n s  d e v e lo p  r a p id ly ,  w ould  in d ic a t e  t h a t  t h e i r  
s u r v iv a l  in  e v a p o r a te d  m ilk  o r  can n ed  cream  u n der o r d in a r y  con­
d i t i o n s  in  t h i s  c o u n tr y  i s  r a r e  and t h a t  as a c a u s e  o f  s p o i la g e  
i n  t h e s e  two p r o d u c ts  th e y  a r e  u n im p o r ta n t.
I I .  SWEETENED CONDENSED MILK.
The m a n u fa ctu re  o f  sw e e te n e d  con d en sed  m ilk  d o e s  n o t  in v o lv e  
co m p le te  s t e r i l i s a t i o n ,  and t h i s  p r o d u c t in v a r ia b ly  c o n ta in s  
v ia b l e  o rg a n ism s . Under n orm al c o n d i t io n s  th e  h ig h  su g a r  
c o n t e n t ,  b y  e x e r t in g  a h ig h  o s m o tic  p r e s s u r e ,  te n d s  to  p la s m o ly s e  
th e  b a c t e r i a l  c e l l s ,  w h ich  a r e  e f f e c t i v e l y  p r e v e n te d  from  
m u l t i p l i c a t i o n .  D e f e c t s  o n ly  o c c u r  when m ic r o -o r g a n ism s  
p a r t i c u l a r l y  r e s i s t a n t  t o  th e  h ig h  su g a r  c o n te n t  s u r v iv e  th e  
p r o c e s s in g  o r  g a in  a c c e s s  t o  th e  m ilk  a f t e r  i t  l e a v e s  th e  con­
d e n se r .
A t o t a l  o f  a b ou t 8 0  sa m p les  o f  co n d en sed  m ilk  h ave  b e e n  
exam in ed . Some sa m p les  w ere from  g e n e r a l  s o u r c e s  or  from  th e  
s p e c i a l  f a c t o r i e s ,  b u t  a few  w ere r e c e iv e d  in  c o n n e x io n  w ith  
c o m p la in ts  r e g a r d in g  th e  q u a l i t y  o f  th e  p r o d u c t .
T ech n iq u e  o f  e x a m in a t io n .
The o p e n in g  o f  c a n s , c u l t u r i n g ,  and e x a m in a t io n  o f  th e  can  
c o n t e n t s  and i d e n t i f i c a t i o n  o f  b a c t e r ia  w ere c a r r ie d  o u t a s  o u t ­
l i n e d  fo r  e v a p o r a te d  m ilk . In  a d d it io n  th e  p l a t e  co u n t and
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th e  p resu m p tiv e  c o l i f o r m  t e s t s  w ere made on s e v e r a l  o f  th e  
sa m p les s o  t h a t  th e  numbers o f  o rg a n ism s p r e s e n t  c o u ld  be  
a s c e r t a in e d .  I t  was d i f f i c u l t  t o  p i p e t t e  th e  m i lk ,  b u t t h i s  
d i f f i c u l t y  was r ed u c ed  b y  warm ing th e  can i n  w a ter  p r io r  to  
o p e n in g . A warm f i r s t  d i l u t i o n  b la n k  was a l s o  u sed  t o  a id  
d i l u t i o n .
D is c u s s io n .
1 . I n c id e n c e  o f  d e f e c t i v e  c a n s .
Of th e  36 g e n e r a l  sa m p les o f  f u l l - c r e a m  and sk im  sw e e te n e d  
co n d en sed  m ilk  exam ined  o n ly  3 w ere d e f e c t i v e .  The number o f  
sa m p les t e s t e d  was n o t  s u f f i c i e n t  to  p r e d ic t  w hat p e r c e n ta g e  o f  
d e f e c t i v e  sa m p les m ig h t be e x p e c te d  in  com m ercia l p r a c t i c e .
Two can s w ere " b loa ted " an d  one had a p u t r id  f la v o u r  s u g g e s t iv e  
o f  b a c t e r i a l  p r o t e o l y s i s  and was c o n s id e r a b ly  th in n e d . S e v e r a l  
o th e r  sa m p les  d id  n o t  h ave  th e  f r e s h n e s s  o f  f la v o u r  w h ich  i s  
u s u a l l y  c h a r a c t e r i s t i c  o f  th e  p r o d u c t and c o u ld  h a r d ly  b e  con ­
s id e r e d  a s  f i r s t - c l a s s ,  th o u g h  th e y  c o u ld  n o t  b e  d e f i n i t e l y  
c la s s e d  a s  ' d e f e c t i v e ' .  P la t e  c o u n t s ,  T ab le  4 ,  made on some 
o f  t h e s e  sa m p les v a r i e d ,  th e  h ig h e s t  r e c o r d e d  ( t h a t  o f  th e  
p u t r id  sa m p le ) b e in g  2 6 7 ,0 0 0  p er  m l. o f  con d en sed  m ilk . In  
a d d it io n  t h i s  sam ple g a v e  a p o s i t i v e  r e a c t io n  to  th e  p r e su m p tiv e
TABLE 4 .
S w eeten ed  con d en sed  m ilk  sa m p le s .
12 sam p les  
ab ou t 18 
m onths o ld  
when t e s t e d
P l a t e  count  
p e r  m l.
3 ,3 6 0
8 ,4 0 0
2 5 .6 0 0  
2 6 7 ,0 0 0
1 7 ,8 0 0
5 0 .6 0 0
L ess  th a n  
500
P resu m p tiv e  
B. c o l i f o r m  
t e s t
+ve /^ o  1111 •
- v e  1 m l. 
- v e  1 m l.
+v © \ o  m l*
- v e  1 m l. 
- v e  1 m l.
- v e  1 m l.
Remarks r e g a r d in g  
f la v o u r  and con­
s i s t e n c y  o f  sam ple
L acked f r e s h n e s s  o f  
f la v o u r .
do.
Good.
P u tr id  and t h in .
Good.
Good
S e v e r a l  o f  t h e s e  cans  
had ''b u tto n s'' and w ere  
th ic k e n e d .
c o l i f o r m  t e s t  in  /£ q m l. am ounts. As n o te d  b y  o th e r  w o r k e rs , 
many o f  th e  p la t e  c o u n ts  w ere v e r y  lo w , e s p e c i a l l y  a f t e r  th e  
sa m p les w ere s e v e r a l  m onths o ld .
A bout 4 0  t i n s  w ere exam ined from  one f a c t o r y  w hich  had  
e n c o u n te r e d  " b u tto n s ” . The e x a m in a t io n s  w ere made a f t e r  
s e v e r a l  m onths s t o r a g e ,  i . e .  when s u f f i c i e n t  tim e had la p s e d  
f o r  th e  d e f e c t  to  d e v e lo p . The e x t e n t  o f  t h i s  o u tb r ea k  was 
c o n s id e r a b le ,  s in c e  77  p e r  c e n t ,  o f  th e  can s sam p led  a t  random  
from  15 d i f f e r e n t  d a y s ' m a n u fa ctu re  sp r e a d  o v e r  s e v e r a l  m onths 
show ed " b u tto n s" .
2 . T ypes o f  d e f e c t i v e  sa m p les  e n c o u n te r e d .
( i )  G assy  f e r m e n t a t i o n . In  b o t h  t h e  " b l o a t s ’' e x a m i n e d  s u c r o s e -
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fe r m e n t in g  y e a s t s  w ere r e s p o n s ib le  f o r  th e  s p o i l a g e .  L arge  
num bers o f  b a c t e r ia  o f  th e  s ta p h y lo c o c c i  ty p e  w ere a l s o  i s o l a t e d  
b u t  d id  n o t  p rod u ce g a s s y  fe r m e n ta t io n  on  r e - i n o c u l a t i o n  in t o  
th e  sound p r o d u c t . The p r e s e n c e  o f  t h e s e  b a c t e r ia  was t h e r e ­
f o r e  w ith o u t  s i g n i f i c a n c e  s o  f a r  a s  g a s  fo r m a tio n  was c o n cern ed . 
F u rth e r  sa m p les  from  th e  same s o u r c e s  w ere n o t  a v a i la b le  s o  th a t  
i t  was n o t  p o s s i b l e  to  i n v e s t i g a t e  th e  e x t e n t  o f  s p o i la g e  in  
g r e a t e r  d e t a i l .  I t  h as b een  r e p o r te d  ( s e e  r e v ie w s  i n  ( 4 )  and
( 5 ) )  t h a t  when " b lo a ts" o c c u r  in  co n d en sed  m ilk  th e  s p o i la g e  i s  
n o m a l l y  ca u sed  b y  s u c r o s e - f e r m e n t in g  y e a s t s .
( i i )  P r o g r e s s iv e  t h ic k e n in g . T h ic k e n in g  was o n ly  fou n d  i n  can s  
w hich  w ere open ed  i n  c o n n e x io n  w ith  th e  o u tb r ea k  o f  " b u tto n s" .
I t  was n o t  fou n d  p o s s i b l e  to  i s o l a t e  any b a c t e r ia  w hich  w ere  
c a p a b le  o f  r e p r o d u c in g  t h ic k e n in g .  I t  seem s p r o b a b le ,  a s  n on e  
o f  th e  sam p les w ere u n d u ly  a c id ,  th a t  th e  f a u l t  was e i t h e r  
a s s o c ia t e d  w ith  th e  fo r m a tio n  o f  " b u tto n s"  or  more p r o b a b ly  t h a t  
i t  was o f  p h y s ic o -c h e m ic a l  o r i g i n ,  s in c e  th e  l a t t e r  ty p e  o f  
d e f e c t  i s  more ap p aren t on a g in g  and th e  sa m p les  w ere from  9 
to  18 m onths o ld  when exam ined .
The t h ic k e n in g  was o b v io u s ly  n o t  o f  th e  same ty p e  a s  h as  
b een  d e s c r ib e d  b y  E ic e  and Downs^2 7  ^ and b y  Downs^28 \  They 
showed t h a t  c e r t a i n  c o c c i ,  s im i la r  to  S ta p h y lo c o c c u s  a lb u s . c o u ld  
prom ote p r o g r e s s iv e  t h ic k e n in g  and t h a t  su c h  b a c t e r i a l  t h ic k e n in g  
was a s s o c ia t e d  w ith  in c r e a s e d  a c i d i t y .  A s u c r o s e  i n  w a te r  r a t i o  
o f  6 4 .5  was n e c e s s a r y  to  p r e v e n t  t h e s e  c o c c i  from  g ro w in g .
Downs c o n s id e r e d  t h a t  a c i d i t y  a lo n e  was n o t  r e s p o n s ib le  f o r
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t h ic k e n in g ,  h u t  t h a t  th e  a c t io n  o f  a r e n n in - l ik e  enzyme p r o ­
d u ced  by th e  c o c c i  was a l s o  in s tr u m e n ta l .
( i i i )  "B u tto n s ” . T h is  f a u l t  h a s  b een  shown by R o g ers  e t  a l .  
to  be due t o  th e  grow th  o f  a m ould A s p e r g i l lu s  r e p e n s  and by  
Knudsen^3 0 ) to  b e  due to  A s p e r g i l lu s  g la c u s  and o th e r  m ou lds.
The s o - c a l l e d  "b u tton "  c o n s i s t s  o f  a r ed d ish -b ro w n  c h e e s y  curd  
m ass to  £" i n  d ia m e te r . The d e f e c t  d e v e lo p s  on  s t o r a g e ,  and
a f t e r  8 t o  10 w eeks " b u tton s"  h ave  assum ed a d e f i n i t e  form . The 
grow th  o f  th e  m ould i t s e l f  p r o b a b ly  c e a s e s  a f t e r  2 to  3 w eek s, 
s in c e  a t  l a t e r  s t a g e s  m ould c a n n o t be i s o l a t e d  from  th e  b u tto n s  
e a s i l y ,  th ough  th e  "bu tton "  c o n t in u e s  to  d e v e lo p  from  th e  a c t i v i t y  
o f  a c l o t t i n g  enzyme.
Prom th e  o u tb r ea k  a lr e a d y  m en tio n ed  th e  "bu tton "  fo r m a tio n  
was s im i la r  to  t h a t  d e s c r ib e d  a b o v e , e x c e p t  t h a t  o c c a s io n a l ly  
th e  h ard  curd  te n d ed  t o  sp r e a d  i n  an i n d e f i n i t e  sh ap e  round th e  
e d g e s  o f  th e  ca n . T hree m oulds (M 1 - 3 )  w h ich  ap p eared  t o  b e  
s p e c i e s  w h ich  h ave  n o t  p r e v io u s ly  b een  r e p o r te d  a s  c a u s in g  
" b u tto n s"  w ere i s o l a t e d .  I n  v ie w  o f  th e  d i f f i c u l t i e s  o f  id e n ­
t i f y i n g  many s p e c i e s  o f  m ou ld , and p a r t i c u l a r l y  members o f  th e  
P e n ic i l l iu m  gen u s w ith o u t  s p e c i a l i s e d  kn ow led ge o f  th e  w h ole  
g ro u p , th e  a u th o r  h a s  c o n s id e r e d  i t  u n w ise  to  a tte m p t to  name 
th e  s p e c i e s .  I t  i s  w e l l  lmown t h a t  many m ould form s a r e  c o n ­
s id e r a b ly  m o d if ie d  b y  th e  s u b s t r a t e  in  w h ich  grow th  o c c u r s  and 
th a t  o th e r  c o n d it io n s  a l s o  a r e  a b le  to  change th e  ty p e  o f  grow th , 
and th u s  a  s i n g l e  d e s c r i p t i o n  o r  e x a m in a tio n  i s  o f t e n  i n s u f f i c i e n l  
t o  e n a b le  i d e n t i f i c a t i o n ,  e s p e c i a l l y  i f  t h e  v a r i a t i o n s  i n  form
3 7 .
w h ich  may o c c u r  w i t h in  th e  s p e c i e s  a r e  n o t  a p p r e c ia te d .
Mr. G eorge S m iih ^ M .S c . , h a s  k in d ly  in v e s t i g a t e d  th e  c h a r a c ­
t e r i s t i c s  o f  t h e s e  c u l t u r e s  and h e  h a s  r e p o r te d  a s  f o l lo w s
M 1 i s  a s p e c i e s  o f  A ctin o m y ces w h ich  i s  v e r y  s im i la r  i n  
s t r u c t u r e  to  some o f  th e  common s o i l  fo rm s. The hyphae and 
s p o r e s  a r e  how ever a h o u t 2?  t im e s  th e  u s u a l  d ia m e te r . T here  
seem s t o  be no p r e v io u s  r e f e r e n c e  i n  th e  l i t e r a t u r e  to  su ch  a 
s t r a i n  o f  A c tin o m y c e s , and Sm ith  h as n e v e r  b e f o r e  e n c o u n te r e d  a 
c u lt u r e  l i k e  i t .
M 2  i s  a s t r a i n  o f  P e n ic i l l lu m  t e r r e s t r e  J e n s e n , and i t  
i s  c la s s e d  i n  T h o rn 's  group A sy m m e tr ica -F u n icu lo sa .
M 3 i s  a l s o  a s p e c i e s  o f  th e  P e n ic i l ] iu m  g en u s .
Each c u l t u r e  was in o c u la t e d  s e p a r a t e ly  i n t o  sw e e te n e d  
con d en sed  m ilk  and in c u b a te d  a t  22°C . to  c o n fir m  th e  f a c t  t h a t  
i t  was th e  c a u se  o f  "button"  fo r m a tio n . The co n d en sed  m ilk  was 
f i r s t  f i l l e d  in t o  w id e  s m a ll-n e c k  g l a s s  b o t t l e s  w h ich  w ere  
s to p p e r e d  w ith  c o t t o n  w o o l and h e a te d  i n  a b a th  to  140 °F . f o r  
30 m in u te s  i n  o r d e r  to  d e s tr o y  any m ould sp o r e s  w h ich  m ig h t have  
g a in e d  e n tr a n c e  d u r in g  th e  t r a n s f e r .  A f t e r  t h i s  h e a t in g  th e  
b o t t l e s  w ere c o o le d  and when th e  m oulds had  b een  in o c u la t e d  th e  
b o t t l e s  w ere s to p p e r e d  w ith  s t e r i l e  ru b b er s to p p e r s  and s e a le d  
w ith  p a r a f f in  wax t o  e n s u r e  t h a t  th e y  w ere a i r t i g h t .  The 
volum e o f  a i r  sp a c e  i n s id e  was s im i la r  to  t h a t  w h ich  w ou ld  o ccu r  
i n  a com m ercia l ca n . The d ev e lo p m en t o f  m ould was o b se rv e d  
th ro u g h  th e  g l a s s  and was f i r s t  e v id e n t  w i t h  M l a f t e r  two weeks*
in c u b a t io n .  T h is  m ould form ed y e l lo w  brown c o lo n ie s  i n  th e  
i n i t i a l  s t a g e s  o f  g ro w th , w h ereas th e  o th e r  two c u l t u r e s  w ere  
g r e e n . The grow th  o f  M 3 was n o t  v i s i b l e  u n t i l  a f t e r  3 w eek s' 
in c u b a t io n  a t  22°C . , w h i le  It 2 d e v e lo p e d  ev en  more s lo w ly .
As th e  m oulds - grew on th e  co n d en sed  m ilk  and ev en  
a f t e r  d ev e lo p m en t ap p eared  t o  h ave  b e e n  a r r e s te d .-  a r e d d is h -  
brown to  oran ge  d i s c o lo u r a t io n  in c r e a s e d  u n d er  th e  o r i g i n a l  
grow th  and sp r e a d  around i t .  The same k in d  o f  d i s c o lo u r a t io n  
o c c u r r e d  w ith  a l l  th r e e  c u l t u r e s  w h e th er  th e  m ould had b een  
g r e e n  or  brown o r i g i n a l l y .  The b o t t l e s  o f  c u l t u r e d  con d en sed  
m ilk  showed c o n s id e r a b le  d i s c o lo u r a t io n  o v er  th e  m ajor p a r t  o f  
th e  s u r fa c e  o f  th e  m ilk  a f t e r  9 m on ths' s t o r a g e .  Hard c h e e s y  
m a sses  o f  curd  w ere e v id e n t ,  e s p e c i a l l y  round th e  e d g e s  o f  th e  
j a r s ,  and some sa m p les  w ere somewhat t h ic k  a lth o u g h  th e  c o n t r o l  
sa m p les  rem ained  un ch anged .
T h is  e p id e m ic  o f  d e f e c t i v e  sam p les was t h e r e f o r e  v e r y  
s i m i l a r  to  th o s e  a lr e a d y  r e p o r te d  in  th e  l i t e r a t u r e .  I t  a p p ea rs  
h o w ev er , t h a t  th e  c a u s a t iv e  o rg a n ism s w ere d i f f e r e n t ,  s in c e  one 
c u l t u r e  was a s p e c i e s  o f  A ctin o m y ces w h i le  th e  o th e r  2 c u l t u r e s  
w ere c l a s s i f i e d  as s p e c i e s  o f  th e  P e n i c i l l iu m  g en u s .
PART I I I .  BITTERNESS AND THINNING IN  CANNED CREAM.
I I .
I I I .
B a c t e r i o l o g i c a l  S t u d ie s .
A. M o rp h o lo g ic a l and c u l t u r a l  c h a r a c t e r i s t i c s .
B. In d u ced  s p o i la g e .
( i )  I n o c u la t io n s  i n t o  norm al canned  cream  
and in c u b a t io n .
( i i )  E x a m in a tio n  o f  in o c u la t e d  c a n s .
( i i i )  P r o d u c t io n  o f  b i t t e r n e s s  and th in n in g .
( i v )  P l a t e  c o u n ts  and r e c o v e r y  o f  b a c t e r ia  
from  in o c u la t e d  c a n s .
C hem ical S t u d i e s .
A p p l ic a t io n  o f  th e  R e s u l t s  i n  C om m ercial P r a c t i c e .
PART I I I .  BITTERNESS AND THINNING IN  CANNED CREAM.
I t  h as a lr e a d y  b een  n o te d  th a t  th e  d ev e lo p m en t o f  b i t t e r n e s s  
and th in n in g  was one o f  th e  m ost p r e v a le n t  form s o f  s p o i la g e  
i n  canned  cream .
A d evelopm ent o f  a d e f e c t i v e  b i t t e r  f la v o u r  d u r in g  th e
s t o r a g e  o f  canned d a ir y  p r o d u c ts  h a s  b e e n  p r e v io u s ly  r e p o r te d .
Thus Hammer^3 2 ) i s o l a t e d  sp o r e fo r m e r s , w hich  he named B. am arus,
w hich  ca u sed  c o a g u la t io n  w ith  a c h a r a c t e r i s t i c  b i t t e r  t a s t e
and g e n e r a l ly  w ith  an in c r e a s e  in  a c i d i t y .  In  l i tm u s  m ilk ,
h o w ev er , i t  d id  n o t  p rod u ce  a  c l o t  and o n ly  i n  e v a p o r a te d  m ilk
on p r o lo n g e d  in c u b a t io n  a t  37°C . (8 9  d a y s ) .
( 3 3 )S p i t z e r  and E p p le  in v e s t i g a t e d  an e x t e n s iv e  o u tb r ea k  
o f  b i t t e r n e s s  i n  e v a p o r a te d  m ilk ,  th ough  t h i s  was n o t  accom ­
p a n ie d  by any ch a n g e  in  th e  p h y s i c a l  ap p ea ra n ce  o f  th e  p r o d u c t .  
They found t h a t  th e  m ilk  was in f e c t e d  w ith  a s p o r e - b e a r in g  
o rg a n ism , s im i la r  t o  B. n a n is  (M ig u la , 1 9 0 0 ) ,  w h ich  s u r v iv e d  
h e a t in g  a t  2 5 0 °P . f o r  8 m in u te s . When th e  o rg a n ism  was in o c u ­
l a t e d  in t o  s t e r i l e  m ilk  i t  c a u se d  c o n s id e r a b le  d e g r a d a t io n  o f  
th e  p r o t e in s  p r o d u c in g  la r g e  am ounts o f  p e p to n e  s u b s ta n c e s  and 
some ammonia; th e r e  was a l s o  an  in c r e a s e  in  a c i d i t y .  G rin d -  
rod^ 3^  a l s o  r e p o r t s  two h e a t - r e s i s t a n t  o rg a n ism s w hich  w ere  
r e s p o n s ib le  fo r  b i t t e r n e s s  in  e v a p o r a te d  m ilk . R e c e n t ly  
s im i la r  d e f e c t s  h ave  b een  o b se r v e d  in  c a n n e d  c re am .  M cM a s te r^ 3 5  ^
r e p o r t e d  b o th  a  m arked b i t t e r  f l a v o u r  and a  w a t e r - l i k e  c o n ­
s i s t e n c y  in  some d e f e c t i v e  b a t c h e s  o f  c a n n e d  c re am  and  was a b l e
4 0 .
to  d em o n stra te  th a t  th e  tr o u b le  was ca u sed  by a h e a t - r e s i s t a n t
b a c i l l u s ,  s im i la r  to  B. c o h a e r e n s , w hich  w it h s t o o d  10 m in u tes
o
h e a t in g  a t  1 1 5 .5  C.
When t h i s  d e f e c t  was f i r s t  o b se r v e d  in  t h i s  s tu d y  th e  
c o n te n t s  o f  th e  can s w ere e x c e e d in g ly  t h in  and had a b i t t e r  t a s t e  
r e s e m b lin g  q u in in e . O nly s t r a i n s  o f  B. s u b t i l i s  w ere i s o l a t e d  
from  th e  d e f e c t i v e  ca n s  and th e  p r e s e n c e  o f  an a b n o rm a lly  h ig h  
p r o p o r t io n  o f  a c id - s o lu b le  n i t r o g e n  showed t h a t  a c o n s id e r a b le  
breakdow n o f  p r o t e in  had o c c u r r e d . P r e lim in a r y  e x p e r im e n ts  
show ed t h a t  b i t t e r n e s s  and t h in n in g  c o u ld  be r ep ro d u ced  in  
norm al canned  cream  by in o c u l a t io n  w ith  th e  c u l t u r e s  i s o l a t e d  
from  th e  a f f e c t e d  cream . A d e t a i l e d  s tu d y  o f  th e  b a c t e r io ­
l o g i c a l  and c h e m ic a l f a c t o r s  in v o lv e d  i n  th e  p r o d u c t io n  o f  t h e s e  
two a s s o c ia t e d  d e f e c t s  h a s  b een  made. A f u l l  d e s c r ip t io n  o f
th e  ch e m ic a l a s p e c t s  h as b een  r e p o r te d  in  a  j o i n t  p u b l i c a t io n  
(1 5 )by th e  au th o r  . The b a c t e r i o l o g i c a l  a s p e c t s  a r e  d e a l t  
w ith  b e lo w .
I .  BACTERIOLOGICAL STUDIES.
T hree o r g a n ism s , n am ely  N os. 6 , 27  and 6 2 , s e c u r e d  from  
d i f f e r e n t  d e f e c t i v e  b a tc h e s  o f  can n ed  cream  h ave  b e e n  u se d .
The c h a r a c t e r i s t i c s  o f  t h e s e  o rg a n ism s h a v e  b een  c o n s id e r e d  
t o g e t h e r  u n le s s  o th e r w is e  s t a t e d ,  and a l l  c u l t u r e s  w ere  
in c u b a te d  a t  37°C .
A . M o r p h o lo g ic a l and C u ltu r a l  C h a r a c t e r i s t i c s .
M orphology. Prom b r o th , sm a ll r o d -sh a p e d  o rg a n ism s w ith  rounded
en d s occu r  s i n g l y ,  in  p a ir s  and i n  s h o r t  c h a in s .  In  12  hour  
o ld  c e l l s  th e r e  a r e  o f t e n  g r a n u le s  s i t u a t e d  tow ard s th e  e x t r e ­
m i t i e s  w hich  d is a p p e a r  l a t e r .  The c e l l s  from  24  hour o ld  agar  
s l a n t  c u l t u r e s  m easure b e tw een  1 .5  and 3 .0  , b u t  a r e  m o s t ly  
1 .5  lo n g  and ab ou t 0 .5  t o  0 .7  w id e .
M o t i l i t y . Young b r o th  c u l t u r e s  a r e  a c t i v e l y  m o t i l e .
S t a in in g  p r o p e r t i e s . C u ltu r e s  a r e  G r a m -p o s it iv e  and a r e  r e a d i l y  
s t a in e d  by th e  common d y e s .
Sp ore fo r m a t io n . S p o res  a re  form ed r e a d i l y  from  a b o u t 12 h ou rs  
onv/ards on a g a r  s l a n t s .  S im ila r  c e l l s  from  18 to  24  h o u rs  o ld  
a r e  n e a r ly  a l l  s p o r in g ,  b u t  w ith  age  th e  s p o r e s  becom e f r e e  and  
u s u a l ly  do n o t  r e t a i n  th e  o ld  c e l l  w a l l  a t ta c h e d  to  them . S p o res  
a r e  a l s o  form ed on o th e r  s o l i d  m edia  and r a p id ly  i n  b r o th  scum s. 
They a r e  g e n e r a l ly  i n  a c e n t r a l  p o s i t i o n  or tow ard s one end o f  
th e  c e l l .  The c e l l  w a l l  w h ich  i s  v e r y  s l i g h t l y  e n la r g e d  by  
th e  sp o re  d o e s  n o t  u s u a l l y  e x c e e d  0 .8  i n  w id th  when grown on  
sta n d a rd  a g a r . The a v e ra g e  w id th  f o r  young s p o r e s  i s  0 .7  
and th e  le n g t h  from  1 .0  to  1 .5  .
A gar s l a n t s .  T here i s  abundant grow th  a f t e r  16  h o u rs  in c u b a t io n  
w h ich  w ith  a l l  c u l t u r e s  i s  e a s i l y  b ru sh ed  o f f  w ith  i n  in o c u l a t in g  
n e e d le .  The grow th o f  No. 6  i s  r a i s e d  and d u l l  cream  w h ite  to  
g r e y  i n  c o lo u r  w ith  p lu m ose u n d u la t in g  ed ge h o ld in g  to  th e  l i n e  
o f  th e  in o c u la t io n  n e i t h e r  w r in k le d  n o r  s t r i a t e d .  I t  becom es  
d r ie r  and r a t h e r  d a rk er  i n  c o lo u r  w ith  a g e . C u ltu r e s  a f t e r  
s e v e r a l  w eeks a t  room tem p era tu re  d e v e lo p  c l e a r  p a tc h e s  a s  th ough  
th e  o rg a n ism s had d i s i n t e g r a t e d .  The grow th  o f  No. 27  i s  n o t
a s  d en se  a s  t h a t  o f  No. 6 and shows a g r e a t e r  te n d e n c y  t o  sp r ea d .  
No. 62  grow s l e s s  p r o f u s e ly ,  and w ith  age  becom es a lm o st  c o lo u r ­
l e s s  t r a n s m it t in g  l i g h t  e a s i l y .
M ilk -a g a r  s t a b . S ta b  grow th i s  o n ly  v i l l o u s  and s c a n t y ,  b u t  
d evelop m en t i s  h ea v y  on th e  s u r fa c e  a f t e r  1 day.
M ilk -a g a r  p l a t e s . A f t e r  24  h ou rs in c u b a t io n  s u r fa c e  c o lo n ie s  
a r e  2 to  6 mm. i n  d ia m e te r , 3 to  4  mm. b e in g  th e  m ost u s u a l  s i z e  
u n le s s  o v ercro w d in g  o c c u r s .  C o lo n ie s  ten d  to  b e  c i r c u l a r  b u t  
a re  sp r ea d  i f  th e  a g a r  i s  w e t. The c e n t r e s  a re  d en se  and 
i r r e g u la r  in  sh a p e , do n o t  t r a n s m it  l i g h t ,  and a r e  su rrou nd ed  by  
a l e s s  d en se  g r a n u la te d  zon e w h ich  i s  f i la m e n to u s  a t  th e  e d g e s .  
Old s u r fa c e  c o lo n ie s  grow t o  1 cm. i n  d ia m e te r  and r e t a i n  th e  
d en se  d u l l  c e n t r e s  su rrou n d ed  b y  r a i s e d  c r e a m -c o lo u r e d  c i r c u l a r  
grow th . As a g in g  o c c u r s  th e  c o lo n ie s  a r e  su rrou n d ed  b y  c le a r  
z o n e s  i n  th e  agar w here the sm a ll  amount o f  c a s e in  ( l  p e r  c e n t ,  
s e p a r a te d  m ilk )  i s  d i g e s t e d .  S u b su r fa c e  c o lo n ie s  a r e  ir r e g u la r  
and d en se  and a b ou t 1 mm. i n  d ia m e te r  a t  24 h o u r s . L a te r  th e y  
may b rea k  th ro u g h  to  th e  s u r fa c e  and d e v e lo p  i n t o  th e  ty p e  o f  
c o lo n y  a lr e a d y  d e s c r ib e d . In  a d d it io n  No. 62 p ro d u ces  m ucoid  
or  sm ooth c o l o n i e s .
C H u cose-agar s t a b . O n e -d a y -o ld  c u l t u r e s  show abundant s u r fa c e  
grow th  w h ich  i s  f i n e l y  w r in k le d , d u l l  and l i g h t  brown i n  c o lo u r .  
On f u r t h e r  in c u b a t io n  t h e s e  w r in k le s  u s u a l l y  in c r e a s e  and become 
d ark  brown in  c o lo u r ,  w h ile  a p in k  red  c o lo u r  d e v e lo p s  under  
th e  s u r fa c e  o f  th e  a g a r . The d e g r e e  o f  w r in k l in g  and 
d a r k e n in g  v a r i e s  c o n s id e r a b ly .  Growth o c c u r s  down th e  s l a n t
to  a c o n s id e r a b le  d ep th  b u t i s  s c a n t y .  No. 6 2  h a s  u s u a l ly  a 
sm ooth  l i g h t - c o lo u r e d  s u r f a c e  grow th w h ich  i s  v i s c o u s .
G e la t in e  s t a b . L iq u e f a c t io n  ta k e s  p la c e  r e a d i ly  a t  22°G. A f t e r  
3 to  5 d ays from  o n e - t h ir d  to  o n e - h a l f  o f  th e  s t a b  i s  l i q u i d
and a rough  or  sm ooth scum i s  form ed .
B ro th . A h ea v y  scum c o v e r s  th e  s u r f a c e  a f t e r  18 t o  24 h o u r s '  
in c u b a t io n . A t f i r s t  th e r e  i s  p r a c t i c a l l y  no t u r b id i t y  or  
d e p o s i t  u n t i l  p a r t s  o f  th e  p e l l i c l e  a re  d is lo d g e d .  The scum  
may becom e w r in k le d  and have a "honeycomb" ap p earance a lth o u g h  
No. 27 u s u a l ly  rem a in s sm ooth .
P o t a t o . A f t e r  1 day a p r o fu s e  f o ld e d  o r  w r in k le d  grow th  c o v e r s  
th e  w hole  p o t a to  s u r f a c e .  S in c e  th e  o rg a n ism s grow c l o s e l y  t o ­
g e th e r  th e  f o l d s  becom e a lm o s t  o b l i t e r a t e d  w ith  age  and a t  th e  
same tim e  th e  p o t a to  b la c k e n s  and th e  c u l t u r e  d ark en s c o n s id e ra b ly
L itm us m ilk . A s o f t  coagulum  i s  form ed a f t e r  1 to  2 d ays and th e
m ilk  c l e a r s  r a p id ly  from  th e  s u r f a c e  downwards. A l l  th e  cu rd  i s  
u s u a l l y  d ig e s t e d  i n  from  3 to  6 d a y s and so m etim es d i g e s t i o n  
p r e c e d e s  c l o t t i n g .  As d ig e s t io n  a d v a n ces  th e  c l e a r  l i q u i d  a t  
th e  s u r f a c e  becom es b r ig h t  amber c o lo u r e d , b u t a f t e r  s ta n d in g  f o r  
some d ays th e  medium r e v e r t s  t o  a p o r t  w ine c o lo u r .
O ther c u l t u r a l  c h a r a c t e r i s t i c s . F u rth er  r e a c t io n s  b ro u g h t a b o u t  
by th e  organ ism s d u r in g  grow th  a re  shown in  T ab le  5 .
H eat r e s i s t a n c e . Under la b o r a to r y  c o n d i t io n s  sp o r e  s u s p e n s io n s  
i n  s t e r i l e  m ilk  and cream  h ave  w ith s to o d  te m p e r a tu r e s  up t o  120°C . 
f o r  a s  lo n g  a s  4 0  m in u te s . The r e s i s t a n c e ,  h o w ev er , show s m arked  
v a r i a t i o n s  and w i l l  be d is c u s s e d  i n  th e  h e a t  r e s i s t a n c e  s e c t i o n .
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B. In d u ced  S p o i la g e .
( i )  I n o c u la t io n s  in t o  norm al can n ed  cream  and in c u b a t io n . In  
o r d e r  to  d eterm in e  th e  c o n d it io n s  u n d er w h ich  b i t t e r n e s s  and 
th in n in g  c o u ld  b e  p rod u ced  i n  canned  cream , norm al ca n s  w ere  
in o c u la t e d  w ith  c u l t u r e s  o f  th e  above o rg a n ism s . Cans o f  norm al 
cream  a b ou t 4  w eek s o ld  w h ich  had undergone age  t h ic k e n in g  w ere  
s e l e c t e d  from  th e  same b a tc h  m a n u fa ctu red  a t  a l o c a l  cream ery . 
N os. 6 , 27 and 62 w ere ea ch  in o c u la t e d  from  a 2 - d a y -o ld  c u l t u r e  
i n t o  f o r t y  c a n s . The m ethod u s e d  f o r  in o c u l a t in g  th e  c a n s  has  
a lr e a d y  b een  d e s c r ib e d  i n  P a r t  I I .  A bout tw e n ty  c o n t r o l  cans  
w ere in o c u la t e d  w ith  a lo o p f u l  o f  s t e r i l e  w a te r * . A f te r  
in o c u la t io n  th e  ca n s  w ere w e l l  sh ak en  and w ere r esh a k en  o c c a s io n ­
a l l y  d u r in g  s to r a g e  a t  d i f f e r e n t  te m p e r a tu r e s . Two c a n s  o f  ea ch  
b a tc h  w ere exam ined  a t  d e f i n i t e  i n t e r v a l s .
( i i )  E xam in ation  o f  in o c u la t e d  c a n s . The e x a m in a t io n  was 
s im i la r  to  th a t  u se d  in  th e  g e n e r a l  su r v e y  o f  c a n s . S e p a r a te  
tu b e s  o f  1 p e r  c e n t ,  g lu c o s e  b r o th  and l i tm u s  m ilk  w ere each  
in o c u la t e d  w ith  1 m l. and one lo o p f u l  o f  th e  cream . T h ese  w ere  
in c u b a te d  a t  37°C . and w ere exam ined a f t e r  3 and 7 days f o r  th e  
p r e s e n c e  o f  th e  o r g a n ism s . P l a t e  c o u n ts  on  th e  cream  w ere  
c a r r ie d  o u t and cream  was a l s o  s tr e a k e d  d i r e c t l y  on  m ilk -a g a r  
p l a t e s  and s l i d e s  p rep a red  f o r  d i r e c t  m ic r o s c o p ic  e x a m in a t io n .
( i i i ) P r o d u c tio n  o f  b i t t e r n e s s  and t h in n in g . T a b le  6 show s th e  
e x t e n t  to  w hich  b i t t e r n e s s  and t h in n in g  w ere p rod u ced  on s to r a g e  
a t  v a r io u s  te m p e r a tu r e s . Only th e  r e s u l t s  fo r  c u l t u r e s  N os. 6
*The r e s u l t s  o f  th e  c o n t r o l  in o c u l a t io n s  w ere u n ifo r m ly  n e g a t iv e ,  
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and 62 a r e  r e c o r d e d ,  s i n c e  t h e s e  e x h i b i t e d  th e  w i d e s t  d i f f e r ­
e n c e s  i n  t h e i r  a c t i o n  on th e  cream . B i t t e r n e s s  and t h i n n i n g  
d e v e lo p e d  m ost r a p i d l y  w ith  c u l t u r e  No. 6 .  A l l  th e  c a n s  were  
in c u b a te d  a t  37°C . and m ost o f  t h o s e  in c u b a te d  a t  32°C . were  
t h i n  a t  t h e  end o f  2 w e ek s ,  w h i l e  t h o s e  in c u b a te d  a t  25°C. w ere  
j u s t  s t a r t i n g  t o  l o s e  t h e i r  t h i c k  c o n s i s t e n c y .  The can s  k ep t  
a t  room tem p era tu re  were p r a c t i c a l l y  u n a l t e r e d .  A f t e r  3 t o  4  
w eeks ca n s  s t o r e d  a t  32 and 37°C . w ere v e r y  t h i n ,  w h i l e  th o s e  
k e p t  a t  25°C. and a t  room tem p era tu re  w ere t h i n .  The d ev e lo p m en t  
o f  b i t t e r n e s s  u s u a l l y ,  b u t  n o t  i n v a r i a b l y ,  r a n  p a r a l l e l  w ith  
th e  t h in n i n g .  The r e s u l t s  f o r  c a n s  i n o c u l a t e d  w i t h  c u l t u r e  
No. 62 w ere s i m i l a r  th ro u g h o u t  t h e  p e r io d s  o f  i n c u b a t i o n ,  b u t  
t h e  d evelopm ent o f  b o th  b i t t e r n e s s  and t h in n i n g  was l e s s  r a p id .  
Thus a t  t h e  end o f  3 w eeks no a b n o r m a l i ty  was o b s e r v e d  i n  can s  
k e p t  a t  2 5 ° C . , w h i l e  a t  room te m p er a tu r e  th e  cans w ere  s t i l l  
u n a f f e c t e d  a f t e r  5?  w e ek s '  s t o r a g e .
( i v )  P l a t e  c o u n ts  and r e c o v e r y  o f  b a c t e r i a  from i n o c u l a t e d  c a n s . 
The o rg a n ism s  w ere a t  a l l  t im e s  r e c o v e r a b le  from th e  i n o c u l a t e d  
can s  i n  p u re  c u l t u r e .  A f t e r  ab ou t 6 weeks t h e i r  p r e s e n c e  
c o u ld  n o t  be d e t e c t e d  i n  f i l m s  made d i r e c t l y  from  th e  cream , 
n o r  was i t  p o s s i b l e  e x c e p t  i n  t h e  e a r l y  s t a g e s  t o  d e m o n str a te  
t h e  p e r s i s t e n c e  o f  t h e  b a c i l l i  by s t r e a k i n g  on a g a r  p l a t e s .
S m all  i n o c u l a t i o n s  o f  th e  cream (o n e  l o o p f u l )  i n t o  l i t m u s  m i lk  
and g l u c o s e  b r o th  o n l y  prod u ced  grow th  i n  th e  e a r l y  s t a g e s  o f  
th e  e x p e r im en t  b u t  w i t h  l a r g e r  i n o c u l a t i o n s  ( l  m l . )  grow th  
c o u ld  be  produ ced  a t  a l l  s t a g e s .  The n e c e s s i t y  f o r  u s i n g  su c h
l a r g e  i n o c u l a t i o n s  f o r  th e  r e c o v e r y  o f  t h e s e  o rgan ism s from th e  
ca n s  i s  f u r t h e r  i l l u s t r a t e d  by th e  r e s u l t s  o f  p l a t e  c o u n t s .
T a b le  7 shows t h e  c o u n t s  o f  in o c u l a t e d  cans a f t e r  in c u b a t io n  a t  
37°C . I t  i s  rem ark able  t o  f i n d  t h a t  b i t t e r n e s s  and t h in n i n g  
can  be prod u ced  i n  cream h a v in g  su ch  low numbers o f  v i a b l e  
o rg a n ism s .  The c o u n ts  o f  su c h  org a n ism s a f t e r  d i f f e r e n t  
p e r io d s  o f  i n c u b a t io n  show, m o reo v er , u n e x p la in e d  v a r i a t i o n s  
w hich c o u ld  n o t  be  c o r r e l a t e d  w i t h  t h e  i n t e n s i t y  o f  b i t t e r n e s s  
or  th e  e x t e n t  o f  d ev e lo p m en t o f  t h i n n i n g .  T h is  s u g g e s t s  t h a t  
su ch  d e f e c t s  may be  p a r t l y  c a u sed  by th e  a c t i o n  o f  e x t r a c e l l u l a r  
b a c t e r i a l  enzym es. I t  may be  m en t io n ed  t h a t  i n  o n ly  t h r e e  
i n s t a n c e s  were v i a b l e  o rgan ism s r e c o v e r e d  from  th e  can s  o th e r  
th a n  th o s e  o r i g i n a l l y  u se d  f o r  t h e  i n o c u l a t i o n s .  C a su a l co n ­
ta m in a t io n  o f  t h e  can s  w ith  e x tr a n e o u s  o rg a n ism s  was t h e r e f o r e  
v e r y  in f r e q u e n t .
I I .  CHEMICAL STUDIES.
A lth o u g h  f u l l  d e t a i l s  o f  th e  c h e m ic a l  a s p e c t s  o f  t h i s  
s p o i l a g e  have ( a s  a lr e a d y  n o t e d )  b e e n  d e s c r ib e d  i n  a r e c e n t  
p u b l i c a t i o n ^ 1 5  ^ i t  w i l l  b e  o f  i n t e r e s t  to  m e n t io n  b r i e f l y  th e  
m ain f i n d i n g s .  T h ese  may b e  sum m arised a s  f o l l o w s : -
( 1 )  B oth  b i t t e r n e s s  and t h i n n i n g  a r e  a s s o c i a t e d  w ith  th e  
breakdown o f  p r o t e i n ,  a s  i n d i c a t e d  b y  d e t e r m in a t io n s  o f  th e  
n o n - p r o t e i n  n i t r o g e n  and o f  th e  p e p to n e  and su b p ep to n e  f r a c t i o n s .
( 2 )  There i s  a r e l a t i o n s h i p  b e tw een  t h e  d ev e lo p m en t o f  t h i n n i n g  
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c o e f f i c i e n t s  b e tw een  v i s c o s i t y  and n o n - p r o t e i n  n i t r o g e n .
I I I .  APPLICATION OF THE RESULTS IN COMMERCIAL PRACTICE.
Owing t o  th e  h ig h  th erm al d e a t h - p o in t  o f  t h e  a e r o b ic  s p o r e -  
fo rm in g  organ ism s w hich  c a u se  b i t t e r n e s s  and t h i n n i n g  i n  canned  
cream i t  may be e x t r e m e ly  d i f f i c u l t  to  c o n t r o l  t h i s  d e f e c t  un der  
com m ercia l c o n d i t i o n s .  I t  has  a l r e a d y  b e e n  s t a t e d  t h a t  s p o r e  
s u s p e n s io n s  have w i t h s t o o d  te m p er a tu r e s  up to  120°C. f o r  a s  l o n g  
a s  40  m in u te s .  Thermal d e a t h - p o i n t s , h o w ev er , depend on a 
l a r g e  v a r i e t y  o f  d i f f e r e n t  f a c t o r s  and l e s s  d r a s t i c  h e a t  t r e a t ­
ment may t h e r e f o r e  be  s u f f i c i e n t  to  k i l l  o f f  th e  o rg a n ism s  in  
com m ercia l p r a c t i c e .  I t  was n o t e d  e a r l i e r  t h a t  t h e r e  i s  a 
l i m i t  t o  th e  h e a t  t r e a tm e n t  t o  w h ich  t in n e d  cream can  be  
s u b j e c t e d  so  t h a t  e v e n  i f  t h e  t h e r m a l - d e a t h - p o in t  o f  th e  
org a n ism s was known and t h e  cream c o u ld  s a f e l y  b e  g i v e n  t h e  
n e c e s s a r y  h e a t  t r e a t m e n t ,  b e c a u s e  o f  th e  marked l a g  i n  a t t a i n ­
ment o f  th e  r e q u ir e d  tem p era tu re  i n s i d e  t h e  can i t s e l f ,  i t  w ould  
i n  p r a c t i c e  b e  d i f f i c u l t  t o  e n su r e  t h a t  th e  d e s i r e d  h e a t  t r e a t ­
ment had b een  g i v e n  t o  th e  can  c o n t e n t s .  I t  a p p e a r s ,  t h e r e f o r e ,  
t h a t  i n  p r a c t i c e  th e  p r e v e n t io n  o f  b i t t e r n e s s  and t h i n n i n g  must 
depend more on im p ro v in g  t h e  q u a l i t y  o f  t h e  in c o m in g  m i lk  s u p p ly  
th a n  on a l t e r i n g  t h e  c o n d i t i o n s  o f  s t e r i l i s a t i o n  o f  t h e  canned  
p r o d u c t .  H y g ie n ic  p r o d u c t io n ,  e s p e c i a l l y  w ith  r e g a r d  t o  th e  
c l e a n l i n e s s  o f  t h e  cow s' u d d ers  and th e  b y r e s ,  p r o v id e s  th e  
f i r s t  l i n e  o f  d e f e n c e  a g a i n s t  i n f e c t i o n .
A secon d  p o i n t  o f  im p o rta n ce  i n  th e  c o n t r o l  o f  b i t t e r n e s s
i s  th e  i d e n t i f i c a t i o n  o f  d e f e c t i v e  cans o f  cream b e f o r e  d e s p a t c h  
from th e  cream ery . I t  i s  a p p a ren t  from t h e  r e s u l t s  d e t a i l e d  
i n  T ab le  6 t h a t  th e  com m ercia l p r a c t i c e  o f  i n c u b a t in g  canned  
cream f o r  n o t  more th a n  2 w eeks a t  te m p er a tu r e s  o f  ab ou t 75 to  
85°C . w ould f r e q u e n t l y  b e  i n s u f f i c i e n t  to  r e v e a l  th e  d e f e c t .
I t  a p p ea rs  d e s i r a b l e ,  p a r t i c u l a r l y  where t h e r e  i s  any h i s t o r y  
o f  t h i s  d e f e c t  a t  a crea m ery , t o  s t o r e  th e  canned cream f o r  a 
f u r t h e r  p e r io d  o f ,  s a y ,  4  weeks or  more a t  room tem p era tu re  in  
o r d e r  th a t  th e  d e f e c t  may be s u f f i c i e n t l y  d e v e lo p e d  i n  any  
a f f e c t e d  c a n s  to  e n a b le  them to  b e  p ic k e d  o u t .  In  t h i s  
c o n n e x io n  i t  may b e  n o t e d  t h a t  t h i n n i n g  a lm o s t  i n v a r i a b l y  
accom p an ies  b i t t e r n e s s ,  and t h i s  t h e r e f o r e  p r o v id e s  a s im p le  
method o f  i d e n t i f y i n g  t h e  d e f e c t  w i t h o u t  o p e n in g  t h e  ca n .
I t  i s ,  o f  c o u r s e ,  d e s i r a b l e  t h a t  t h e r e  s h o u ld  be a c a r e f u l  
b a c t e r i o l o g i c a l  c o n t r o l  o f  a l l  b a t c h e s  o f  cream w here la b o r a t o r y  
f a c i l i t i e s  a r e  a v a i l a b l e  f o r  t h i s  p u r p o s e .  I t  has  b e e n  p o in t e d  
o u t ,  h o w ev er ,  t h a t  i f  s m a l l  i n o c u l a t i o n s  o f  cream a r e  u s e d  ( f o r  
e x a m p le ,  a s i n g l e  l o o p f u l )  t h e r e  i s  a s e r i o u s  r i s k  t h a t  th e  
p r e s e n c e  o f  v i a b l e  org a n ism s w i l l  b e  m is s e d .  On t h e  o t h e r  h an d ,  
th e  i s o l a t i o n  o f  org a n ism s o f  t h e  B. s u b t l l l s  ty p e  from canned  
cream s h o u ld  n o t  b e  ta k e n  a s  i n d i c a t i n g  t h a t  t h e  cream w i l l  
i n e v i t a b l y  become b i t t e r .  In  t h e  e x a m in a t io n  o f  canned  d a ir y  
p r o d u c t s  some t h i r t y - s i x  s t r a i n s  o f  B. s u b t i l i s  h ave  b een  
i s o l a t e d ,  and t h e y  a l l  showed t h e  same m o r p h o lo g ic a l  and c u l t u r a l
c h a r a c t e r i s t i c s  a s  s t r a i n s  w h ich  p rod u ce  b i t t e r n e s s  and t h in n i n g .  
Y et o n ly  a v e r y  few  o f  t h e s e  t h i r t y - s i x  s t r a i n s  were c a p a b le  o f
p r o d u c in g  th e  d e f e c t  when i n o c u l a t e d  i n t o  norm al cream. I t  
a p p ea rs  t h a t  t h e  o n l y  c e r t a i n  m ethod o f  i d e n t i f y i n g  t h e  t y p i c a l  
o rg a n ism  i s  b y  i t s  a b i l i t y  t o  p rodu ce  b i t t e r n e s s  and t h in n i n g  
i n  th e  normal p r o d u c t .
PART IV . DRIED MILK PRODUCTS.
G en era l s tu d y  u n d erta k en .
S o u r c e s  o f  pow d ers.
A. E x p e r im en ta l  M ethods.
1. Methods o f  r e c o n s t i t u t i o n  o f  powder.
2 .  G en era l m ethods o f  e x a m in a t io n  o f  powder.
3 . Method o f  i s o l a t i o n  o f  o rg a n ism s .
B. R e s u l t s  and D i s c u s s i o n .
I .  B a c t e r i o l o g i c a l  q u a l i t y  o f  powder.
( i )  & ( i i )  P l a t e  c o u n t  and m eth y len e  b lu e  
r e d u c t io n  t e s t .
( i i i )  F e r m e n ta t io n  t e s t .
( i v )  P resu m p tiv e  c o l i f o r m  t e s t .
( v )  Y e a st  and mould c o u n t .
I I .  K eep ing  q u a l i t y  o f  r e c o n s t i t u t e d  m i lk  and e f f e c t  
o f  s t o r a g e  a t  60 F.
I I I .  B a c t e r i a l  f l o r a  o f  d r i e d  m i lk  powder.
1. L itm us m i l k  r e a c t i o n s  o f  m ic r o -o r g a n ism s
p r e d o m in a t in g  a t  37  C.
2 . C l a s s i f i c a t i o n  o f  m i lk  c o a g u l a t i n g  c u l t u r e s
o b t a in e d  from p l a t e s  in c u b a te d  a t  37°C.
3 .  C l a s s i f i c a t i o n  o f  m i lk  c o a g u la t i n g  c u l t u r e s
o b t a in e d  from  p l a t e s  in c u b a te d  a t  55 C.
4 .  O ther organ ism s exam ined.
IV. F a c to r s  a f f e c t i n g  v a r i a b i l i t y  o f  b a c t e r i o l o g i c a l  
q u a l i t y .
1 . V a r i a t i o n  i n  th e  powder o f  d i f f e r e n t  f a c t o r i e s .
2 . V a r i a t i o n  i n  t h e  powder o f  th e  same f a c t o r y .
3 . V a r i a t i o n  i n  th e  powder d u r in g  th e  same d a y 's
o p e r a t io n .
4 .  V a r i a t i o n  a c c o r d in g  to  s e a s o n  o f  y e a r .
5 .  V a r i a t i o n  b e tw een  f u l l - c r e a m  and skim  m ilk  pow d ers.
6 .  V a r i a t i o n  d u r in g  s t o r a g e .
( a )  V a r i a t i o n s  a t  room te m p era tu re .
(b )  V a r i a t i o n s  a t  d i f f e r e n t  te m p e r a tu r e s .
( c )  V a r i a t i o n s  w ith  s t o r a g e  i n  a i r  v e r s u s
n i t r o g e n .
V. The u s e  o f  t h e  m eth y len e  b l u e  r e d u c t i o n  t e s t  a s  a  method  
o f  a s s e s s i n g  t h e  b a c t e r i o l o g i c a l  q u a l i t y  o f  m i lk  
pow d ers.
V I .  A n o t e  on th e  d e s i r a b i l i t y  o f  g r a d in g  sp r a y  d r i e d  m i lk  
pow d ers.
PART IV . DRIED MILK PRODUCTS.
The g r e a t  h e a t  to  w h ich  m i l k  i s  e x p o sed  i n  r o l l e r  d r y in g  
r e d u c e s  th e  h a c t e r i o l o g i c a l  p ro b lem s t o  t h e  s u r v i v i n g  s p o r e -  
fo rm ers  or  t o  r e c o n t a m in a t io n  w ith  m ic r o -o r g a n ism s  a f t e r  th e  
powder l e a v e s  th e  r o l l e r s .  The numbers o f  b a c t e r i a  a re  low  
and i t  w i l l  be  s e e n  from t h e  r e v ie w  b y  A l le n ^ 5  ^ t h a t  many o f  th e  
b a c t e r i o l o g i c a l  a s p e c t s  h ave  a lr e a d y  b een  i n v e s t i g a t e d .  R o l l e r  
d r ie d  m i lk  ca n n o t b e  r e c o n s t i t u t e d  so  c o m p le t e ly  a s  sp r a y  
d r ie d  m i lk .  The l a t t e r  a p p ro a ch es  a s o l u b i l i t y  o f  100 p e r  c e n t ,  
and f o r  t h i s  r e a s o n  i s  i n c r e a s i n g  i n  p o p u l a r i t y .  The e x t e n t  o f  
h e a t  tr e a tm e n t  to  w h ich  m i l k  i s  s u b j e c t e d  d u r in g  s p r a y  d r y in g  i s ,  
h o w ev er , much l e s s  th an  d u r in g  r o l l e r  d r y in g ,  and i t  m igh t t h e r e ­
f o r e  be  e x p e c t e d  t h a t  th e  b a c t e r i a l  f l o r a  o f  t h e  form er w ould  be  
more numerous and v a r i e d .  The i n v e s t i g a t i o n s  r e p o r t e d  h ere  
have t h e r e f o r e  b een  c o n f in e d  to t h e  sp r a y  d r i e d  p r o d u c t  s i n c e  
t h i s  p r e s e n t e d  th e  m o st  i n t e r e s t i n g  and l e a s t  e x p lo r e d  f i e l d ,  
few  i n v e s t i g a t i o n s  h a v in g  b e e n  co n d u cted  w ith  s p r a y  d r i e d  m i lk  
powder o u t s i d e  th e  U n ited  S t a t e s .
At th e  o u t s e t  i t  was f e l t  t h a t  an i n s i g h t  i n t o  t h e  b a c ­
t e r i o l o g i c a l  q u a l i t y  o f  sp ra y  d r i e d  powder c o u ld  b e s t  b e  o b t a in e d  
by a g e n e r a l  s tu d y  o f  sa m p le s  from  th e  v a r i o u s  f a c t o r i e s  
o p e r a t in g  i n  E ngland and S c o t la n d .  S ev en  f ir m s  h ave  i n s t a l l e d  
p l a n t  f o r  th e  p r o d u c t io n  o f  sp ra y  d r i e d  m i lk  pow der, b u t  d u r in g  
th e  t im e  t h a t  sa m p le s  w ere r e c e i v e d  one p l a n t  was n o t  o p e r a t i n g  
and an oth er  was d r y in g  t h e  c o n s t i t u e n t s  o f  m i lk  w hich  had  
p r e v i o u s l y  b een  a l t e r e d  to  conform  t o  a "baby food "  fo rm u la .
F i n a l l y  sa m p le s  w ere  o b t a in e d  i n  6 o z .  s t e r i l e  b o t t l e s  from  
e i g h t  f a c t o r i e s  o p e r a te d  by f i v e  f i r m s .  Two o f  t h e s e  f a c t o r i e s  
were s i t u a t e d  i n  t h e  s o u t h - w e s t  o f  S c o t la n d ,  one i n  t h e  n orth  
o f  E nglan d , and f i v e  i n  th e  s o u t h - w e s t  o f  E n g lan d , i . e .
S o m e r se t ,  D o r s e t  and Devon. In  a l l  o v e r  400 sam p les  have been  
exam ined , and among t h i s  number were in c lu d e d  sam p les  from  
p l a n t s  o f  th e  M ilk a l^ 3 ^, K estn er^ 3 6  ^ and Gray J e n s e n  t y p e s .  The 
p l a n t s  are  d e s i g n a t e d  a l p h a b e t i c a l l y  th r o u g h o u t .  About 10 p e r  
c e n t ,  o f  th e  sam p les  w ere  o f  w hole  m i lk  powder and th e  rem a in d er  
were made from  s e p a r a t e d  m i lk .  The e x a m in a t io n  o f  sa m p le s  from  
two p l a n t s  e x te n d e d  from  June 1937 u n t i l  Septem ber 1 9 3 8 ,  and  
from t h e  o t h e r  f a c t o r i e s  sam p les  were r e c e i v e d  o v er  t h e  f i r s t  
e i g h t  months o f  1 9 38 . A d r y in g  p l a n t  f o r  econ om ic  o p e r a t i o n  i s  
i n  u s e  from  18 t o  22  h o u r s  o u t  o f  t h e  24 and sam p les  were r e c e iv e c  
i n  b a t c h e s  from a d a y ’ s  run o f  th e  p l a n t .  The f i r s t  sam ple  
was u s u a l l y  o b t a in e d  i n  th e  f i r s t  hou r  o f  d r y in g ,  a n o th e r  was 
u s u a l l y  ta k en  a t  t h e  end o f  t h e  d a y ’ s p r o c e s s i n g ,  and a t h i r d  
sam p le  was o b t a in e d  somewhere i n  t h e  m id d le  o f  p r o c e s s i n g .  In  
some i n s t a n c e s  f o u r  o t h e r  sam p les  were ta k e n  a t  r o u g h ly  r e g u la r  
t im e  i n t e r v a l s  b e tw e e n  t h e  f i r s t  and l a s t  sam p le . I t  w i l l  be  
s e e n ,  t h e r e f o r e ,  t h a t  any c o n c l u s i o n s  r e g a r d in g  t h e  b a c t e r i o l o ­
g i c a l  q u a l i t y  o f  t h e  pow ders a r e  b a s e d  on f u l l y  r e p r e s e n t a t i v e  
sam ples  s i n c e  t h e y  a r e  d e r iv e d  from d i f f e r e n t  t y p e s  o f  p l a n t ,  
s i t u a t e d  i n  d i f f e r e n t  l o c a l i t i e s  and sam pled th ro u g h o u t  c o ld  
and warm s e a s o n s  and a t  d i f f e r e n t  s t a g e s  i n  th e  d a y ’ s  run.
A. EXPERIMENTAL METHODS.
1 . Method o f  r e c o n s t i t u t i o n  o f  sp r a y  d r i e d  p o w d ers .
The r e c o n s t i t u t i o n  o f  sam p les  f o r  a n a l y s i s  p r e s e n t e d  two 
d i f f i c u l t i e s ,  v i z .
( 1 )  th e  a v o id a n c e  o f  c o n ta m in a t io n ,  and
( 2 )  th e  p r e p a r a t io n  o f  a r e p r e s e n t a t i v e  sam ple .
R eg a rd in g  ( l )  t h e r e  a r e  two p o i n t s  o f  c o n ta m in a t io n ,
( a )  a t  w e ig h in g ,  and
( b )  on r e c o n s t i t u t i n g .
Quick w e ig h in g  b y  u s in g  a l a r g e  sam ple on a rou gh  b a la n c e  
m in im ised  c o n ta m in a t io n  a t  w e ig h in g .  The p r e v e n t i o n  o f  con ­
ta m in a t io n  on r e c o n s t i t u t i o n  was more d i f f i c u l t .  Spray d r ie d  
powder, a l t h o u g h  a lm o s t  c o m p le t e ly  s o l u b l e  when m ixed  w ith  
w a t e r ,  b eh a v es  i n  a manner s i m i l a r  t o  t h a t  o f  c o r n f l o u r  and 
u n l e s s  i t  i s  s t i r r e d  th o r o u g h ly  i n t o  a p a s t e  f i r s t ,  lumps o f  
u n d i s s o l v e d  powder o ccu r  w hich  r en d e r  i t  im p o s s ib l e  t o  g e t  a 
u n ifo r m  s o l u t i o n .  A method was t r i e d  i n  w hich  a s t e r i l e  g l a s s  
rod  was u s e d  t o  rub th e  powder i n t o  a p a s t e  i n  a w id e  t e s t  tu b e ,  
b u t i t  was n e i t h e r  s u c c e s s f u l  n o r  c o u ld  th e  te c h n iq u e  b e  co n ­
s i d e r e d  s a t i s f a c t o r y .  The sam e c r i t i c i s m  a l s o  h e l d  when a 
p e s t l e  and m ortar was u s e d  t o  make th e  p a s t e .  Hence a c l o s e d  
b o t t l e  c o n t a in in g  w a te r  and some b ea d s  was e v e n t u a l l y  a d o p ted .
As r e g a r d s  ( 2 ) ,  t h e  n e c e s s i t y  f o r  h a v in g  a r e p r e s e n t a t i v e  
sam ple  was a t t a i n e d  by
( a )  u s i n g  a l a r g e  sa m p le ,  and
(b )  th o r o u g h ly  r e c o n s t i t u t i n g .
I t  w i l l  b e  s e e n  t h a t  t h e  te c h n iq u e  d e v i s e d  t o  a v o id
c o n ta m in a t io n  i n c i d e n t a l l y  a l s o  m et t h e s e  two p o i n t s .  The
( 3Y)A m erican Dry. M ilk  I n s t i t u t e '  ' recommend w e ig h in g  t h e  powder 
d i r e c t l y  i n t o  a s t e r i l e  b o t t l e  c o n t a i n i n g  th e  w a ter  b la n k  and 
f u r n i s h e d  w ith  a s t e r i l e  s t o p p e r .  O ther w o rk ers  h a v e  w e ig h ed  
th e  powder d i r e c t l y  i n t o  a s t e r i l e  b o t t l e  and R i n g e r ' s  s o l u t i o n  
h a s  b e e n  added a f t e r w a r d s .  These m ethods o f  w e ig h in g  have  
o b v io u s  d is a d v a n t a g e s  and i n  a d d i t i o n  i t  r e q u i r e s  c o n s i d e r a b l e  
sh a k in g  t o  g e t  a c o m p le t e ly  d i s s o l v e d  pow der, a l th o u g h  t h e  
a d d i t i o n  o f  l e a d  s h o t  h a s  r e c e n t l y  b e e n  s u g g e s t e d ^ 3 7  ^ t o  f a c i ­
l i t a t e  s o l u t i o n .  I t  s h o u ld  b e  n o t e d  a l s o  t h a t  d i l u t i o n  
b la n k s  c o n t a in in g  N /60  sodium  o r  l i t h i u m  h y d r o x id e  h a v e  been  
s u g g e s t e d ^ 3 8  ^ f o r  t h e  a n a l y s i s  o f  m i l k  powder when d i f f i c u l t i e s  
a r e  e x p e r ie n c e d  i n  c o u n t in g  p l a t e s  a f t e r  in c u b a t io n  ow ing  t o  
u n d i s s o l v e d  f l a k e s  or  p a r t i c l e s  o f  pow der. The p r e s e n c e  o f  
u n d i s s o l v e d  f l a k e s  i s  common i n  p l a t e s  made from  r o l l e r  d r ie d  
powder b u t  no d i f f i c u l t i e s  w ere e n c o u n te r e d  d u r in g  t h e  exam in ation  
o f  th e  more s o l u b l e  s p r a y  d r i e d  skimmed milk powder s , and hence  
weak a l k a l i n e  d i l u t i o n  b la n k s  w ere  n o t  u s e d  i n  t h i s  s tu d y .
However, w ith  sp r a y  d r i e d  w hole  m i lk  pow d er , f a t  p a r t i c l e s  
r en d ered  p l a t e s  o f  th e  and ^ o o  d i l u t i o n s  d i f f i c u l t  to  
e s t i m a t e  w i t h  a c c u r a c y .
The m ethod o f  r e c o n s t i t u t i o n  f i n a l l y  a d o p t e d  was t o  w eig h  
o u t  20 g .  o f  powder i n t o  a  p a i r  o f  s t e r i l e  p e t r i  d i s h e s ,  and  
t r a n s f e r  t h e  po w d e r  t h r o u g h  a  s t e r i l e  p a p e r  cone  i n t o  a  g l a s s  
b o t t l e  c o n t a i n i n g  180 m l .  o f  s t e r i l i s e d  w a t e r .  The c a p a c i t y  o f
th e  b o t t l e ,  which was s e c u r e d  b y  a sc r e w  ca p , was a b o u t  300 m l . , 
and i t  c o n t a in e d  abou t a dozen  g l a s s  b ead s  d ia m e t e r ) .  By
v ig o r o u s  s h a k in g  a l l  th e  powder was d i s s o l v e d  i n  from 1 to  3 
m in u te s .  Twenty g . o f  powder added t o  180 m l. o f  w a te r  i n c r e a s e  
th e  t o t a l  volum e o f  r e c o n s t i t u t e d  m i l k  t o  b e tw een  190 and 195  
m l. Hence i t  w i l l  be  s e e n  t h a t  t h e  r e c o n s t i t u t e d  m i l k  v/as 
r o u g h l y  a 10 p e r  c e n t ,  s o l u t i o n  and- f o r  a l l  p r a c t i c a l  p u r p o s e s  
1 m l. c o u ld  be  ta k en  a s  e q u a l  t o  0 . 1  g . and c o u ld  be  c o n s id e r e d
a s  th e  ~/iq  d i l u t i o n .  I n c i d e n t a l l y  t h i s  r e c o n s t i t u t e d  m i lk
c o n t a in s  about 9 . 5  p e r  c e n t ,  s o l i d s - n o t - f a t  w h ich  c o rresp o n d s  
t o  th e  c o m p o s it io n  o f  s e p a r a te d  m i l k  i t s e l f .
2 .  G en era l m ethods o f  e x a m in a t io n  o f  s a m p le s .
The f o l l o w i n g  t e s t s  w ere c a r r i e d  o u t on a l l  th e  pow ders
( i )  P l a t e  c o u n t  v/as d e term in ed  b y  th e  m ethod d e s c r ib e d  i n  
B u l l e t i n  46  o f  th e  M in is t r y  o f  A g r ic u l t u r e ^ 2 6  ^ on m i lk  a g a r  a t  
37°C . and 55°C . N e a r ly  a l l  t h e  d i l u t i o n s  were p r e p a r e d  i n  
d u p l i c a t e  and were n o t  made any lo w e r  th a n  1 / 1 , 0 0 0 , 0 0 0 .  I t  
was n e c e s s a r y  t o  in c u b a t e  a l l  p l a t e s  a t  b o th  te m p e r a tu r e s  f o r  
a t  l e a s t  3 d a y s  b e f o r e  t h e  c o u n t  was ta k e n ;  ev en  th e n  many o f  
th e  c o l o n i e s  were v e r y  s m a l l .  In  an a t te m p t  t o  im p rove  th e  
t e c h n iq u e  p l a t e s  w ere p r e p a r ed  from  24 sam p les  i n  t h i s  way, and  
w ere  compared w i t h  a d u p l i c a t e  s e r i e s  t o  w h ich  £  m l. o f  
d e f i b r i n a t e d  h o r s e  b lo o d  had b een  added a s  t h e  a g a r  was p o u red .
I t  was found t h a t  t h e  c o l o n i e s  on t h e  p l a t e s  t o  w h ic h  b lo o d  
had b e e n  added v/ere u s u a l l y  l a r g e r  and e a s i e r  to  c o u n t  and t h a t  
th e  num ber  w as somewhat h i g h e r .  The d i s a d v a n t a g e s  o f  t h i s
method f o r  r o u t in e  p u r p o se s  seem ed t o  ou tw e ig h  th e  a d v a n ta g e s ,  
h ow ever , e s p e c i a l l y  a s ,  when combined w ith  th e  m i lk  a g a r ,  th e  
b lo o d  was h aem olysed  ow ing  t o  t h e  lo w  pH, and any h a e m o ly s in g  
o rg a n ism s  p r e s e n t  c o u ld  n o t  b e  e s t im a t e d .
( i i )  The m eth y len e  b lu e  r e d u c t io n  t e s t  was a p p l i e d  a t  37°C. 
and 55°G. a s  d e s c r ib e d  b y  W ilson ^ 3 9  ^ f o r  w h ole  m ilk .
( i i i )  The tu b e s  o f  m i l k  u se d  f o r  t h e  r e d u c t io n  t e s t  were  
exam ined a f t e r  24  h o u r s '  in c u b a t i o n ,  and th e  ty p e  o f  fe rm en ­
t a t i o n  n o t e d .
( i v )  1 m l. o f  t h e  r e c o n s t i t u t e d  m i l k ,  and i n  some i n s t a n c e s  
10 and 20 m l . ,  were t e s t e d  b y  th e  p r e su m p tiv e  c o l i f o r m  t e s t ^ ^  
a t  37°C.
( v )  1 m l. o f  th e  r e c o n s t i t u t e d  m i l k  was a l s o  added t o  l i t m u s  
m ilk  and in c u b a te d  a t  37°C . f o r  t h r e e  d a y s ,  a s  i t  was c o n s id e r e d  
t h a t  ch an ges  i n  t h e  l i t m u s  m i lk  would p r o v id e  in f o r m a t io n  a s  t o
th e  t y p e  o f  f l o r a  p r e s e n t .
, . ( 2 6 )  o
( v i )  K eep ing  q u a l i t y  t e s t s  w ere c a r r i e d  o u t  a t  60 P. The
r e c o n s t i t u t e d  m i lk s  c o u ld  n o t  be  grad ed  from  t h e  f i r s t  p e r c e p ­
t i b l e  t a i n t  up t o  c l o t t i n g ,  as  any s l i g h t l y  d e v e lo p e d  t a i n t  was 
masked by th e  somewhat cooked  and o f t e n  a c id  f l a v o u r  o f  th e  
r e c o n s t i t u t e d  m i lk  i t s e l f .  The co o k ed  a n d /o r  a c i d  f l a v o u r s  w ere  
more marked i n  th e  m i l k  r e c o n s t i t u t e d  ft*om sklnmed milk powder th an  
i n  t h a t  made from  w h o le  m i l k  pow der. The k e e p in g  q u a l i t y  was 
t h e r e f o r e  ju d ged  from  t h e  t im e  o f  r e c o n s t i t u t i o n  u n t i l  c l o t t i n g  
to o k  p la c e  on b o i l i n g  o r  u n t i l  a c l o t  was form ed i n  t h e  b o t t l e .
The f o l l o w i n g  t e s t s  w ere c a r r i e d  o u t  on some sa m p les  o n l y : -
( v i i )  The t e s t i n g  was r e p e a t e d  on c e r t a i n  sa m p le s  a f t e r  t h e
r e c o n s t i t u t e d  m i lk  had b e e n  s t o r e d  a t  60°F . f o r  24 h o u rs .
( v i i i )  About 40 powder sam p les  were r e t a i n e d  a t  l a b o r a t o r y
tem p era tu re  and ab ou t 100 r e - t e s t s  w ere  made a f t e r  th e y  v/ere
l £ ,  3 ,  6 ,  8 and 12 months o ld .
( i x )  A f u r t h e r  s e r i e s  were made up i n  c a n s ,  ea ch  o f  v/hich h e ld
about 200 g . o f  s e p a r a t e d  m i lk  pow d er , from  a l a r g e  b u lk  sam ple
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and were s t o r e d  a t  40  C . , 22 C . , c o ld  room te m p er a tu r e  (a b o u t  
1 0 ° C . ) and i n  a c o ld  s t o r e  (a b o u t  4 ° C . ) .  H a l f  t h e  sam ple can s  
w e re  e v a c u a te d  o f  a i r  and r e - f i l l e d  w ith  an i n e r t  g a s ,  n i t r o g e n .
In  o r d e r  to  do t h i s  s p e c i a l  equipm ent was s u p p l i e d  b y  t h e  M eta l  
Box Company, W o r ce s ter .  The c a n s  were exam ined a t  s t a t e d  
i n t e r v a l s  by t h e  m ethods a lr e a d y  o u t l i n e d .
( x )  1 m l. q u a n t i t i e s  o f  a  few  o f  th e  r e c o n s t i t u t e d  sa m p le s  
were p l a t e d  on b e e r  w ort  a g a r ,  w hich  had b een  b u f f e r e d  t o  a pH 
o f  3 . 5  w ith  c i t r i c  a c i d  and p o t a s s iu m  c i t r a t e .  T h is  rredfam was 
s e l e c t i v e  f o r  y e a s t s  and m ou lds. The p l a t e s  w ere in c u b a te d  a t  
22°C.
3 . Method o f  i s o l a t i o n  o f  o r g a n is m s .
About 1 ,7 0 0  c o l o n i e s  have b e e n  p ic k e d  o f f  t h e  a g a r  p l a t e s  
u s e d  f o r  th e  p l a t e  count t e s t .  T hese  c o l o n i e s  w ere  in o c u l a t e d  
i n t o  l i t m u s  m i l k  s i n c e  grow th i n  t h i s  medium w ould  be  i n d i c a t i v e  
o f  ch an ges  w hich  m igh t b e  e x p e c t e d  i n  m i lk  p r o d u c t s  made from  
t h e  powder. The tu b es  w ere  in c u b a t e d  a t  37°C . o r  55°C. a c c o r d in g  
t o  t h e  te m p era tu re  a t  w h i c h  th e  p l a t e  had p r e v i o u s l y  b een  
in c u b a te d .  The c h a n g e s  i n  t h e  l i t m u s  m i l k  c u l t u r e s  w e re
r e c o r d e d  f o r  ab ou t a week and m ost o f  th e  c u l t u r e s ,  w here no 
change was n o t e d ,  w ere examined m i c r o s c o p i c a l l y  t o  a s c e r t a i n  
w h ether  growth had o c c u r r e d .  A l l  th e  c o l o n i e s  from a p l a t e  
o r  a p o r t i o n  o f  a p l a t e  v/ere p ic k e d  o f f ,  so  t h a t  t h e  c u l t u r e s  
o b t a in e d  were r e p r e s e n t a t i v e ,  and abou t 180 o f  them w ere p u r i f i e d  
and exam ined i n  d e t a i l .
B. RESULTS AND DISCUSSION.
I .  B a c t e r i o l o g i c a l  q u a l i t y  o f  sp r a y  d r ie d  m i lk
pow der.
( i )  & ( i i )  P l a t e  c o u n t  and m e th y le n e  b lu e  r e d u c t io n  t e s t .
I t  w i l l  b e  s e e n  from  T able  8 t h a t  th e  a r i t h m e t i c  " w eighted"  
mean o f  the p l a t e  c o u n t  a t  37°C. was 4 , 3 6 3 , 0 0 0  p e r  g . o f  pow der,  
and i f  t h i s  i s  c o n s id e r e d  a s  r e c o n s t i t u t e d  m i l k  i t  w i l l  a p p r o x i ­
mate to  a p l a t e  cou n t o f  4 0 0 ,0 0 0  p e r  m l . ,  w h ich  d o e s  n o t  compare  
v e r y  fa v o u r a b ly  w ith  good  q u a l i t y  raw o r  p a s t e u r i s e d  m i lk .
Wide v a r i a t i o n  i n  t h e  p l a t e  c o u n t  was shown, and i n d i v i d u a l  
r e s u l t s  v a r i e d  from 1 ,4 0 0  to  1 4 9 ,0 0 0 ,0 0 0  p e r  g .  By u s i n g  th e  
lo g a r i t h m  o f  t h e  p l a t e  co u n t  a t  37°C . th e  ex trem e  v a l u e s  a re  
l e v e l l e d  o u t  to  a c e r t a i n  e x t e n t  and th e  mean v a lu e  was th en  
fou n d  t o  be  e q u i v a l e n t  t o  a co u n t  o f  8 0 0 ,0 0 0  p er  g .  The 
" w eighted"  mean m eth y len e  b l u e  r e d u c t i o n  t im e  a t  37°C . was 8 . 1
h o u r s ,  and v a r i e d  from 3 to  14 h o u rs  or  more.
o
The p l a t e  co u n ts  a t  55 C. a l s o  v a r i e d  w i d e l y ,  an d  r a n g e d  
from  l e s s  th a n  100 to  1 , 3 0 0 , 0 0 0  p e r  g .  The m e t h y l e n e  b l u e  
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t im e  was 4% h ou rs  h u t  o v e r  30 p er  c e n t ,  o f  th e  sam p les  r e q u ir e d  
12 or  more h ou rs  b e f o r e  d e c o l o r i s a t i o n  o c c u r r e d .
The f a c t o r s  r e s p o n s i b l e  f o r  t h e s e  v a r i a t i o n s  w i l l  be 
d e a l t  w ith  l a t e r .
( i i i )  F e r m e n ta t io n  t e s t .
No d e f i n i t e  o r  u n iform  r e l a t i o n s h i p  was e s t a b l i s h e d  
b etw een  th e  f e r m e n t a t io n  r e a c t i o n s  o f  th e  m e th y le n e  b l u e  tu b e s  
exam ined a f t e r  24 h o u r s ’ in c u b a t io n  and the p l a t e  c o u n t  and 
r e d u c t io n  t e s t s .  U s e fu l  d a ta  w e re ,  h ow ever , o c c a s i o n a l l y  
o b t a in e d  r e g a r d in g  t h e  number and a c t i v i t y  o f  th e r m o p h i le s  p r e s e n t  
when t h e s e  t e s t s  were co n d u cted  a t  55°C. T y p ic a l  exam ples
g i v e n  i n  T ab le  9 i l l u s t r a t e  t h i s  p o i n t .  0  1 to  3 and C 19 and
20 show how d e t e r i o r a t i o n  i n  th e  r e s u l t s  o f  t h e  f e r m e n t a t io n  t e s t  
may f o r e c a s t  an i n c r e a s e  i n  th e  number o f  th e r m o p h i le s  or  a 
ch an ge  i n  th e  a c t i v i t y  o f  th e  o rg a n ism s  (E 89 to  9 1 ) .  I t  was 
a p p a ren t  from  t h e  r e s u l t s  t h a t  some f a c t o r i e s  had more therm o­
p h i l e s  p r e s e n t  than o t h e r s  and t h a t  t h e  a c t i v i t y  o f  t h e  organ ism s  
a l s o  v a r i e d .  F a c to r y  C, f o r  i n s t a n c e ,  u s u a l l y  had from  1 ,0 0 0  
to  1 0 ,0 0 0  p e r  g . , a l th o u g h  th e  c o n s i s t e n c y  o f  th e  m i lk  i n  the  
f e r m e n t a t io n  t e s t  was n e a r l y  a lw ays  unchanged . I t  i s  p r o b a b le  
t h e r e f o r e  t h a t  t h e  f e r m e n t a t io n  t e s t  i s  a b e t t e r  i n d i c a t i o n  
th an  th e  p l a t e  co u n t  a t  55°C. o f  any d i f f i c u l t i e s  w hich  m ig h t  b e  
e x p e c t e d  i n  t h e  p l a n t  o p e r a t io n  ow ing  to  i n c r e a s e d  a c i d i t y  w hich  
had b e e n  p ro d u ced  by th e r m o p h i le s .
( i v )  P r e su m p t iv e  c o l i f o r m  t e s t .
When 1 m l. q u a n t i t i e s  o f  t h e  r e c o n s t i t u t e d  m i lk  w ere  t e s t e d
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"by th e  p r e su m p tiv e  c o l i f o r m  t e s t  ab ou t 10 p e r  c e n t ,  g a v e  
p o s i t i v e  r e s u l t s .  A fe w  sa m p les  which g a v e  n e g a t i v e  r e s u l t s  
w ith  1 m l. showed p o s i t i v e  r e a c t i o n s  when t e s t e d  i n  a d d i t i o n  in  
10 and 20 m l. q u a n t i t i e s .  I t  w ould  seem , hov/ever, t h a t  th e  
l a t t e r  i s  t o o  s t r i n g e n t  a t e s t ,  s i n c e  1 m l. q u a n t i t i e s  a re  
c o n s id e r e d  s u f f i c i e n t  t o  ju d ge  th e  q u a l i t y  o f  o r d in a r y  raw and 
p a s t e u r i s e d  m i lk .  I t  s h o u ld  b e  n o te d  t h a t  p o s i t i v e  t e s t s  w ere  
o f t e n  due t o  th e  growth o f  a n a e r o b ic  s p o r e fo r m e r s  and n o t  to  
organ ism s o f  t h e  c o l i f o r m  group. C ross l e y  , w ork in g  w i t h
th e  pov/der from  two s i m i l a r  p l a n t s ,  r e p o r t e d  t h a t  65 p er  c e n t ,  
o f  th e  p o s i t i v e  p r e su m p tiv e  c o l i f o r m  t e s t s  a re  due t o  a n a e r o b e s ,  
and t h a t  th e  p o s i t i v e  p resu m p tiv e  c o l i f o r m  t e s t s  a c t u a l l y  ca u sed  
by c o l i f o r m  o rg a n ism s  w ere more f r e q u e n t  i n  f r e s h l y  made th an  
in  s t o r e d  s a m p le s .  From a d d i t i o n a l  t e s t s  i t  d id  n o t ,  hov /ever ,  
ap p ear  t h a t  t h e  p e r c e n t a g e  o f  p o s i t i v e  r e s u l t s  due t o  a n a ero b es  
would n o r m a lly  be  so  h ig h  as C r o s s l e y  r e p o r t s ,  p r o v id e d  th a t  
th e  s u r v e y  i s  ( a s  i n  th e  p r e s e n t  i n v e s t i g a t i o n )  s p r e a d  o v er  
sam p les  from  a l a r g e  v a r i e t y  o f  p l a n t s .
( v )  Y e a s t  and mould c o u n t .
S in c e  t h e  h e a t  o f  p r o c e s s i n g  i s  s u f f i c i e n t l y  s e v e r e  t o  k i l l  
y e a s t s  and mould s p o r e s  i t  i s  g e n e r a l l y  h e ld  t h a t  th e  s i e v i n g  
and p a c k in g  o f  th e  powder c o n s t i t u t e  th e  o n ly  s e r i o u s  s o u r c e  o f  
c o n ta m in a t io n  w i t h  t h e s e  o r g a n ism s .  However, t h e  number o f  
y e a s t s  and m oulds -in t h e  sa m p le s  w hich  w ere exam ined by p l a t i n g  
on b e e r  w ort a g a r  v/as fou n d  t o  b e  p r a c t i c a l l y  n e g l i g i b l e .
One s p e c i a l  sam ple was e n c o u n ter e d  w hich  had a mouldy  
odour and t a s t e ,  and a mould o f  th e  P e n i c i l l i u m  genus was 
fou n d  t o  have grown n e a r  th e  s u r f a c e ,  where t h e  m o is t u r e  c o n t e n t  
o f  th e  powder was v e r y  h ig h .  I t  i s  p ro b a b le  t h a t  t h i s  v/as due 
to  damp g a i n i n g  e n tr a n c e  t o  th e  b a r r e l .
I I .  K eep in g  q u a l i t y  o f  r e c o n s t i t u t e d  m i lk  and 
e f f e c t  o f  s t o r a g e  a t  60 F.
I t  h a s  som etim es  b een  h e ld  t h a t  r e c o n s t i t u t e d  m i lk s  o n ly  
keep i n  a p a l a t a b l e  c o n d i t i o n  f o r  a v e r y  s h o r t  t im e  a s  compared  
w ith  f r e s h  m i lk .  I t  was f e l t  t h e r e f o r e  d e s i r a b l e  to  i n v e s t i g a t e  
t h i s  p o i n t .  I t  h a s  a lr e a d y  b een  s t a t e d  t h a t  th e  k e e p in g  q u a l i t y  
c o u ld  n o t  be  d e te r m in e d  by t a s t e ,  and t h e  f i g u r e s  i n  T ab le  10
TABLE 1 0 .
Showing p e r c e n t a g e  o f  sam ples  w hich  c l o t t e d  
on b o i l i n g  or  were c o a g u la t e d  i n  t h e  b o t t l e  
a f t e r  d i f f e r e n t  p e r io d s  o f  s t o r a g e  a t  60 P.
fa c to r y D a y  s  s t o r a g e
1 . 1 * 2 2 i 3 4 4*
A 10 43 33 14
B 37 38 25
C 18 32 44 6
D 1 1 1 8 53 24 12
E 1 5 54 22 17 1
P 25 50 25
G 25 50 16 9
T o t a l .2 5  .2 5 1 4 . 5 44 28 21 1
r e f e r  t o  t h e  t im e  b e tw een  r e c o n s t i t u t i o n  and t h e  fo r m a t io n  o f  a 
c l o t  on b o i l i n g  or  i i i  th e  b o t t l e .  I n  o r d e r  t o  c o n v e r t  t h e s e  
v a l u e s  t o  t h e  a c t u a l  k e e p in g  q u a l i t y ,  i . e .  t o  th e  tim e o f  d e v e lo p  
ment o f  an u n d e s i r a b l e  f l a v o u r ,  h a l f  a day a t  l e a s t  s h o u ld  b e  
d e d u cted . I f  t h i s  d e d u c t io n  i s  made o v e r  90 p e r  c e n t ,  o f  th e  
sa m p les  rem ained  s w e e t  f o r  b e tw een  2? to  3^ d a y s ,  w hich  a l lo w s  
ample t im e  f o r  the u se  o f  r e c o n s t i t u t e d  m i lk  f o r  l i q u i d  co n ­
su m p tion . Thus i t  ap p ears  t h a t  th e  b e l i e f  t h a t  r e c o n s t i t u t e d  
m ilk s  h ave  a s h o r t  l i f e  i s  unw arranted .
E xa m in a t io n  o f  t h e  r e s u l t s  o b t a in e d  w ith  th e  sam p les  w hich
o
were r e - t e s t e d  a f t e r  24 h o u r s '  s t o r a g e  a t  60 F. showed th a t  th e  
p l a t e  c o u n t  a t  37°C . had g e n e r a l l y  i n c r e a s e d  and t h e  r e d u c t io n  
tim e  had  d e c r e a s e d ,  b u t  t h a t  th e  ch a n g es  w ere v e r y  much l e s s  
th an  would h a v e  b een  e x p e c t e d .  The r e d u c t i o n  t e s t  d i d ,  h ow ever ,  
ap p ear  t o  b e  th e  more s e n s i t i v e  i n d i c a t i o n  o f  t h e  a d d i t i o n a l  
a g in g  o f  th e  m i l k ,  a s  w i l l  be  s e e n  from  T ab le  11 . The sam p les  
t a b u l a t e d  w ere c h o s e n  a t  random. I t  w i l l  b e  s e e n  t h a t  th e  
r e d u c t io n  t im e  was a p p r o x im a te ly  h a lv e d  a f t e r  24 h o u r s ,  w hereas  
t h e  i n c r e a s e  i n  t h e  p l a t e  c o u n ts  was l ^ s s  r e g u l a r .  I t  i s  
p r o b a b le  t h a t  o t h e r  f a c t o r s ,  su ch  a s  t h e  o p e r a t io n  o f  a lo n g  
i n i t i a l  l a g  p h a se  b e f o r e  i n c r e a s e  o f  numbers o c c u r s ,  as  w e l l  as  
th e  te n d e n c y  f o r  t h e  o rgan ism s to  clump when m u l t i p l i c a t i o n  
commences, may h a v e  a f f e c t e d  th e  c o u n t s  b u t  n o t  th e  a c t i v i t y  o f  
th e  o rg a n ism s  a s  shown by t h e  r e d u c t io n  t e s t .  A t 55°C. th e r e  
was l e s s  u n i f o r m i t y  i n  th e  r e s u l t s .  I n  t h e  main th e  t e s t s  
showed no c h a n g e ,  a r e s u l t  w h ich  would b e  e x p e c t e d  a t  a s t o r a g e
TABLE 1 1 .
Showing t e s t s  on m i l k  powder when f i r s t  r e c o n s t i t u t e d
Sample Time a f t e r P l a t e  cou n t Re due -  P l a t e Reduc­ P res i
No. r e c o n s t i t u ­
t i o n  when 
t e s t e d  
(h o u r s )
a t  37°C. t i o n  
T e s t  
37 C
Count 
a t  a t  
55 C.
t i o n  Col: 
T e s t  a t  T< 
55 C.
131 A 0 1 ,0 7 0 ,0 0 0 7 2 0 ,8 0 0 y 8 A cid
24 7 3 0 ,0 0 0 5 8 ,6 0 0 7 A c id
109 D 0
24
2 0 ,2 0 0 ,0 0 0












24 6 9 0 ,0 0 0 220 A cid
73 D 0 1 ,6 9 0 ,0 0 0 6?4
4 0 ,0 0 0 4 A cid
24 9 ,2 0 0 ,0 0 0 6 0 ,0 0 0 6 A cid
48 D 0
23
1 ,3 1 0 ,0 0 0







34  D 0 5 ,8 0 0 ,0 0 0 8?
4
3 0 ,0 0 0 8 A cid
28 8 ,7 0 0 ,0 0 0 1 8 ,8 0 0 8 A c id
142 E 0
24
9 4 ,0 0 0







140 E 0 5 ,2 0 0 ,0 0 0 6^ 7 0 ,0 0 0 6 A cid
28 1 2 ,6 0 0 ,0 0 0 3 4 5 ,0 0 0 7 A c id
125 E 0 4 ,6 0 0 ,0 0 0 7 3 4 ,0 0 0 10 A c id
24 3 ,2 8 0 ,0 0 0 4 2 0 ,5 0 0 7" 85- A cid
89  E 0 1 0 0 ,0 0 0 9 i 1 ,0 3 0 A c id
24 2 2 4 ,0 0 0 7 90 r7^A l0i- A cid
79 E 0 2 4 6 ,0 0 0 9 90 10 A cid
24 2 8 8 ,0 0 0 5 210 9 i A cid
tem p eratu re  to o  low  f o r  t h e r m o p h i l i c  grow th t o  o ccu r .
I t  i s  a p p a ren t t h a t  th e  f l o r a  o f  r e c o n s t i t u t e d  m ilk  does  
n o t  i n c r e a s e  a s  r a p i d l y  a s  t h a t  o f  raw m ilk  a t  6 0 ° F . , and t h i s  
must he  g iv e n  c o n s i d e r a t i o n  i f  th e  q u a l i t y  o f  th e  r e c o n s t i t u t e d  
m ilk  which has  b e e n  made some h o u rs  i s  t o  be  a s s e s s e d  b y  th e  
p l a t e  co u n t  a lo n e .  The work o f  A y e r s ,  Cook and Clemmer^4 1  ^
showed t h a t  a v e r a g in g  th e  r e s u l t s  o f  16 c l e a n  m i lk  sam p les  th e r e  
was a 3 8 - f o l d  i n c r e a s e  i n  cou n t a f t e r  24 h o u r s ,  i . e .  from 3 ,2 4 3  
to  1 2 3 ,5 6 2  p e r  m l . ,  and th e  a v era g e  r e s u l t  o f  13 sa m p le s  o f  
d i r t y  m i lk  i n c r e a s e d  6 3 - f o l d ,  i . e .  from 7 0 7 ,7 6 1  t o  4 8 ,5 5 0 ,9 2 3  
p er  m l. In  co m p ar ison , a 5 - f o l d  i n c r e a s e  i n  th e  p l a t e  cou n t  
o f  t h e  r e c o n s t i t u t e d  m i lk  was e x c e p t i o n a l ,  w h i l e  in  some sa m p les  
th e r e  was a c t u a l l y  a r e d u c t io n  i n  t h e  co u n t  20 h ou rs  a f t e r  
r e c o n s  t i  t u t i o n .
I I I .  B a c t e r i a l  f l o r a  o f  d r i e d  m i lk  pow der.
1 . L itm u s m i lk  r e a c t i o n s  o f  m ic r o -o r g a n ism s  a t  37°C .
E x a m in a t io n  o f  th e  l i t m u s  m i lk  m edia w hich  had b e e n  in o c u ­
l a t e d  w i t h  1 m l. o f  r e c o n s t i t u t e d  m ilk  a f t e r  3 d a y s '  in c u b a t io n  
a t  37°C . showed t h a t  i n  a l l  c a s e s  th e  p r e d o m in a t in g  f l o r a  a t  
t h i s  te m p er a tu r e  r en d ered  t h e  m i lk  a c id  and c o a g u la t e d  i t .  The 
a c i d i t y  p rod u ced  was s u f f i c i e n t l y  h ig h  t o  c a u s e  th e  m i l k  t o  
"whey o f f "  i n  60 p e r  c e n t ,  o f  t h e  sa m p le s .  R oughly  40  p e r  c e n t ,  
o f  t h e s e  c u l t u r e s  a l s o  showed g a s  fo r m a t io n  and abou t 20 p er  c e n t  
ap p eared  t o  b e  p a r t i a l l y  d i g e s t e d .  I t  w as, h o w ev er , o f t e n  
d i f f i c u l t  to  d i f f e r e n t i a t e  whey p r o d u c t io n  and d i g e s t i o n ,  p a r t i ­
c u l a r l y  i f  t h e  cu rd  had shrunk and was b rok en  up by g a s .
6 3 .
2. C l a s s i f i c a t i o n  o f  c u l t u r e s  o b t a in e d  from p l a t e s  
in c u b a te d  a t  3 7 °C .
T a b le s  12 and 13 show th a t  th e  m a jo r i ty  o f  o rgan ism s w hich
are  p r e s e n t  i n  sp r a y  d r ie d  m i lk  powder produce s o u r in g  r e a d i l y .
8 0 .5  p e r  c e n t ,  o f  th e  1 ,3 0 4  c u l t u r e s  p ic k e d  o f f  th e  p l a t e s
in c u b a te d  a t  37°C . and 74  p er  c e n t ,  from th e  p l a t e s  in c u b a te d
a t  55°C. prod u ced  a c i d i t y  and c o a g u la t i o n  i n  l i t m u s  m ilk  m ed ia .
( 42  )Macey'1 ' a l s o  showed a p rep o n d era n ce  o f  a c id - f o r m in g  
b a c t e r i a  from m ilk  pow der, bu t h i s  f i g u r e s  a re  lo w e r  u n l e s s  th e  
p e r c e n t a g e  o f  a c id  p e p t o n i s i n g  c u l t u r e s  a re  in c lu d e d  w ith  t h o s e  
p r o d u c in g  a c i d  c o a g u l a t i o n  w hich  i s  h a r d ly  j u s t i f i a b l e .
v i z .  P e r c e n t a g e  o f  c u l t u r e s  p ro d u c in g  weak a c i d  26.0%
" " ” w a c id  c o a g u l a t i o n  26.8%
” " " " " a c i d  p e p t o n i s a -
t i o n  12.8%
S in c e  th e  p r o d u c t io n  o f  a c id  and c o a g u l a t i o n  i n  m i lk  m edia was 
th e  m o st  c h a r a c t e r i s t i c  p r o p e r t y  o f  th e  o rg a n ism s  i s o l a t e d ,  m o st  
o f  t h e  c u l t u r e s  exam ined i n  d e t a i l  w ere from  t h e  l i t m u s  m i lk  
i n o c u l a t i o n s  w hich  showed t h e s e  ch an ges .
The 124  c u l t u r e s  o b t a in e d  i n  t h i s  way, o r i g i n a t i n g  from  
c o l o n i e s  w hich  grew on a g a r  p la te - s  in c u b a te d  a t  37°C. and p r o ­
duced a c i d  c o a g u l a t i o n  i n  m i l k ,  w e re ,  w i t h ' t h r e e  e x c e p t i o n s ,  a l l
s t r e p t o c o c c i .  T h ese  have been  c l a s s i f i e d  a c c o r d in g  to  t h e
(4 3 )s u g g e s t i o n s  g i v e n  b y  Sherman i n  h is -  r e v ie w  on th e  s t r e p t o ­
c o c c i  and, w ith  one e x c e p t i o n  i n  t h e  ’ l a c t i c *  d i v i s i o n ,  a l l  f a l l  
i n t o  th e  ’v i r i d a n s ’ and ’ e n t e r o c o c c u s ' d i v i s i o n s .
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" to le r a n c e  t e s t s " ,  nam ely  th e  grow th  in  m edia o f  pH 9 .6  and 
grow th in  th e  p r e s e n c e  o f  6 .5  p er  c e n t ,  sodium  c h lo r id e ,  h ave  
n o t  g iv e n  a s  sh arp  a l i n e  o f  d i s t i n c t i o n  as th e  d a ta  g iv e n  in  
Sherman’ s  rev ieor s u g g e s t s .
In  g lu c o s e  a g a r  s ta h s  o f  pH 6 .8  th e  grow th o f  th e  s t r e p t o ­
c o c c i  exam ined  was in v a r ia b ly  h ea v y  and th rou gh ou t th e  l i n e  o f
in o c u la t io n  a f t e r  a p e r io d  o f  from  1 to  3 d a y s ’ in c u b a t io n  a t  
o
37 C ., b u t when th e  pH o f  th e  same m edia  was r a i s e d  t o  9 .6  grov/th
was i n  s e v e r a l  in s t a n c e s  l e s s  d e f i n i t e .  O c c a s io n a l ly  s l i g h t
grow th o c cu rr e d  a t  th e  to p  end o f  th e  s ta b  a f t e r  2 to  3 days b u t
fo r  some c u l t u r e s  t h i s  was v a r ia b le .  When th e  s t r e p t o c o c c i  w ere
in o c u la t e d  in t o  2 p e r  c e n t ,  g lu c o s e  b r o th  c o n t a in in g  6 .5  p e r
c e n t ,  s a l t  a  few  c u l t u r e s  p la c e d  l a t e r  i n  th e  ’ e n t e r o c o c c u s ’
’
d i v i s i o n  o n ly  grew  v e r y  l i g h t l y .  I t  was p o s s i b l e  t o  p ic k  o u t  r. 
th e  c u l t u r e s  w h ich  d e v e lo p e d  a s  h e a v i ly  as th e y  w ould have done , 
in  th e  same m edia w ith o u t s a l t ,  and a l s o  to  s e l e c t  th e  l a r g e  j
number o f  c u l t u r e s  w hich  f a i l e d  to  d e v e lo p  a t  a l l .  In  b e tw een
t h e s e  ex trem es o f  d ev e lo p m en t, h o w ev er , th e  grow th  o f  a b o u t  
15 p e r  c e n t ,  o f  th e  'e n t e r o c o c c u s '  s t r a i n s  was l e s s  m arked. 
T o le r a n c e  o f  6 .5  p e r  c e n t ,  s a l t  was d e term in ed  b y  ch a n g es in  
th e  pH o f  th e  g lu c o s e  b r o th  m edia  s in c e  a l l  th e  s t r a i n s  exam ined  
fer m en te d  g lu c o s e .  In  a d d it io n  grow th  was in d ic a t e d  by an 
in c r e a s e  i n  th e  t u r b i d i t y  o f  th e  b r o th .
D e t a i le d  a n a ly s e s  o f  th e  s t r a i n s  o f  s t r e p t o c o c c i  i s o l a t e d
a r e  g iv e n  in  T a b le s  14  and 1 5 . I t  w i l l  b e  s e e n  from  T ab le  14
th a t  66  p e r  c e n t ,  o f  th e  c u lt u r e s  w ere c l a s s i f i e d  i n t o  th e  
' v i r i d a n s '  d i v i s i o n  and 33 p er  c e n t ,  in t o  th e  ’ e n t e r o c o c c u s ’
TABLE 1 4 .
C l a s s i f i c a t i o n  o f  c u l t u r e s  c a u s in g  a c id  c o a g u la t io n  
o f  l i t m u s  m ilk  o b ta in e d  from  agar p l a t e s  o f  
m ilk  pow der in c u b a te d  a t  37°C.
D iv is io n Group or  S p e c ie s N o .o f  c u l t u r e s  
i s o l a t e d
P e r ce n ta g e
P yog en ic
S. p y o g en es  
S. m a s t i t i d i s  
S . e q u i
"Animal p yogen es"
The "Human C"
"M inute h e m o ly t ic "  
Group G s t r e p t o c o c c i  
Group E s t r e p t o c o c c i  
Group H s t r e p t o c o c c i
None
V ir id a n s
S. s a l i v a r i u s  
S. eq u in u s  
S. b o v is
V a r i e t i e s  o f  S. b o v is  














L a c t ic
S . l a c t i s  
S. crem o r is 1 0.8%  0 .8
E n tero co ccu s
S . f e c a l i s  
S. l iq u e f a c i e n s  
S. zym ogenes 
S. durans
40
8 4*  
none  
n on e  







T o ta l numbe:i? o f  c u l t u r e s  exam ined 121 100
* C u l t u r e s  w h ic h  showed s u f f i c i e n t  v a r i a t i o n  f r o  f i x e d  t y p e  c h a r a c ­
t e r i s t i c s  t o  make t h e i r  i n c l u s i o n  i n  t h e  s t r a i n  s u b j e c t  t o  q u e s t i o n  
su ch  c u l t u r e s  h a v e ,  h o w e v e r ,  b e e n  i n c l u d e d  i n  t h e  p e r c e n t a g e  figures,
d i v i s i o n .  A l l  th e s e  org a n ism s w ere th erm od u ric  s t r e p t o c o c c i  
and grew a t  4 5 ° C . , many c u ltu r e s  p ro d u c in g  s u f f i c i e n t  a c i d i t y  to
c o a g u la te  m ilk  in  12 h o u rs  a t  t h i s  tem p er a tu r e , and th e y  a l l
o ( " )
s u r v iv e d  60  C. f o r  3 0  m in u te s . C r o s s le y v v /ork in g w ith  th e
powder from on e  ty p e  o f  p la n t  o n ly ,  h as a l s o  r e p o r te d  t h a t  a c id -
fo rm in g  b a c t e r ia  n e a r ly  a lw ays p red om in ate  in  th e  sp r a y  d r ie d
m ilk  powder and t h a t  th erm od u ric  c o c c i  form  th e  b u lk  o f  th e
f l o r a .
The d i f f e r e n t i a l  t e s t s  on v/h ich  th e  g ro u p in g  was b a se d  i s  
g iv e n  i n  T a b le  15 u n d er  ea ch  s p e c i e s .  A number o f  s t r a i n s ,  
r e f e r r e d  t o  l a t e r  i n  d e t a i l ,  gave o c c a s io n a l  r e a c t io n s  t o  some 
o f  th e  t e s t s  w h ich  w ere d i s s i m i l a r  to  th o s e  w h ich  w ould  be  
e x p e c te d  f o r  a  p a r t i c u l a r  group a s  a w h o le , a lth o u g h  i t  ap p eared  
from  th e  o th e r  t e s t s  t h a t  th e y  sh o u ld  b e  p la c e d  in  t h a t  grou p .
The e x c e p t io n a l  r e a c t io n s  o f  t h e s e  c u l t u r e s  have b e e n  g iv e n  in  
th e  r e a c t io n  colum n a s  an e x t e n s io n .
A lth o u g h  7 o u t o f  11 p o s s i b l e  s t r a i n s  o f  th e  n o n -p y o g e n ic  
s t r e p t o c o c c i  w ere r e c o v e r e d  from  sp r a y  d r ie d  m ilk  pow d er, 8 3 .5  
p e r  c e n t ,  o f  th e  c u lt u r e s  w ere r e s t r i c t e d  t o  s t r a i n s  o f  3 . 
th er m o p h ilu s  o r  3 .  d u ra n s , o v e r  tw ic e  a s  many s t r a i n s  o f  th e  
form er b e in g  i s o l a t e d  as o f  th e  l a t t e r .
^ i r i d a n s '  D i v i s i o n . R eg a rd in g  th e  d i f f e r e n t i a t i o n  o f  th e  
s t r e p t o c o c c i  p la c e d  i n  t h i s  d i v i s i o n  th e  g r e a t e s t  num ber, i . e .  8 6  
p e r  c e n t . , o f  s t r a in s  w ere  o f  S . th e r m o p h ilu s  and no d i f f i c u l t y  
was e n c o u n te r e d  in  c l a s s i f y i n g  them by th e  m ethod a d v o c a te d  by  
Sherman^4 5 ) ,  e x c e p t  in  r e g a r d in g  t h e i r  t o le r a n c e  to  2 p er  c e n t .
TABLE 1 5 . 1
TToT o±‘ s t r a in s
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H a em o ly s is  
Growth a t  iO^C.
-O O -
Growth i n  th e  p r e s e n c e  
o f : C. 5/j iiaCl
pH S. 6
. 1/i m e th y len e  
b lu e
S u r v iv a l  a t  60°C .
f o r  30 ra in s.







































Growth in  2/i KaCl 
S ta r c h  h y d r o ly s e d
A e s c u l in  s p l i t  
G e la t in e  l i q u i f i e d  
M ilk  c u r d le d
P in a l  pH in  
g lu c o s e  b r o th
A cid  frora: M a lto se
S u c r o se  
L a c to s e
R a f f in o s e
G ly c e r o l
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2i; i;-  i +  i -
i+  i+  
6+ 1+
H S t r a in s  w hich  showed v a r ia t io n s  from  ty p e  s p e c ie s  
o f  a p a r t i c u l a r  group b u t w h ich  h ave  b een  in clu d ed  
i n  t h a t  grout) f o r  c l a s s i f i c a t i o n  p u r p o se s . ,
sodium  c h lo r id e .  2 p e r  c e n t ,  g lu c o s e  b r o th , in  w h ich  heavy  
grow th o c c u r r e d  w ith  t h e s e  s t r e p t o c o c c i ,  was a g a in  u sed  a s  th e  
b a s ic  m ed ia  f o r  th e  2 p e r  c e n t ,  s a l t  t o le r a n c e  t e s t s ,  and i t  was 
n o te d  t h a t  ab ou t 35  p e r  c e n t ,  o f  th e  s t r a in s  o f  S . th er m o p h ilu s  
grew s l i g h t l y  and i r r e g u l a r l y  i n  t h i s  s a l t ' b r o t h .  Sherman^4 4  ^
r e p o r t s  t h a t  as th e  t o t a l  number o f  c u l t u r e s  exam ined by th e  
two p e r c e n ta g e  s a l t  t o le r a n c e  t e s t s  h as b een  s m a ll  he would be  
s u r p r is e d  to  f in d  on th e  e x a m in a tio n  o f  g r e a t e r  num bers th a t  a l l  
s t r a i n s  o f  S . th er m o p h ilu s  w ere i n h ib i t e d  by t h i s  amount o f  
s a l t .  He s u g g e s t s  t h a t  a s  th e  s a l t  t o le r a n c e  o f  S . therm o­
p h i lu s  i s  a  u n iq u e  p r o p e r ty  a s l i g h t  in c r e a s e  in  th e  p e r c e n ta g e  
o f  s a l t  m ig h t be b e t t e r  a s  an e m p ir ic a l  t e s t  f o r  t h i s  grou p .
'E n te r o c o c c u s*  D i v i s i o n . None o f  th e  c u l t u r e s  c l a s s i f i e d
as S . durans w ere a b le  to  h a em o ly se  d e f ib r in a t e d  h o r s e  b lo o d  on
p ou red  (n o t  s t r e a k e d )  a g a r  p l a t e  c u l t u r e ,  a lth o u g h  b lo o d
h a e m o ly s is  i s  c o n s id e r e d  b y  Sherman^4 ®) to  b e  one o f  th e  p r im a ry
(4 4 )c h a r a c t e r i s t i c s  o f  S . d u ran s. Sherm anv ' r e p o r t s  more r e c e n t l y  
t h a t  a few  s t r a i n s  o f  3 . d u ran s have b e e n  e n c o u n ter e d  i n  h i s  
la b o r a to r y  w hich  a r e  n o n -h a e m o ly t ic  and h e  c o n s id e r s  t h a t  i t  i s  
l o g i c a l  to  a n t i c i p a t e  th e  e x i s t e n c e  o f  su ch  s t r a i n s ,  s in c e  th e  
same ty p e  o f  r e l a t i o n s h i p  e x i s t s  b e tw een  th e  o th e r  s o - c a l l e d  
s p e c i e s  in  th e  'e n t e r o c o c c u s '  d i v i s i o n .  I t  sh o u ld  be n o te d  
t h a t  9 o f  th e  s t r a i n s  c l a s s i f i e d  a s  S. durans p ro d u ced  a c id  from  
s u c r o s e .  Sherman in  h i s  r e v ie w  c h a r a c t e r i s e s  S . durans c u l t u r e s  
a s  f a i l i n g  t o  fe r m en t s u c r o s e ,  b u t more r e c e n t ly  S m ith  and 
Sherm an(4 5 ) r e p o r t  t h a t  a b o u t 25 p e r  c e n t ,  o f  th e  s t r a i n s  o f
S . durans i s o l a t e d  from  human f a e c e s  p rod u ce a c id .  S ix  s t r a i n s  
a ls o  c l a s s i f i e d  a s  S . durans ferm en ted  s o r b i t o l ,  w h ich  i s  u s u a l l y  
c o n s id e r e d  t o  be u n a tta c k e d .
3 . C l a s s i f i c a t i o n  o f  m ilk  c y d l i n g  c u l t u r e s  o b ta in e d  from
p l a t e s  in c u b a te d  a t  55^C.
T h ir ty  c u l t u r e s  p r o d u c in g  an a c id  coagulum  in  l i tm u s  m ilk  
have b e e n  o b ta in e d  from  c o lo n ie s  p ic k e d  o f f  a g a r  p l a t e s  p r e ­
v i o u s l y  in c u b a te d  a t  55°C . and exam ined  in  d e t a i l .  A l l  o f  t h e s e  
c u l t u r e s  w ere fou n d  to  be o b l i g a t e  th e r m o p h il ic  sp o r e fo rm e r s  
w hich  grew  s t r o n g ly  a t  a tem p era tu re  o f  from  55°C . to  60°C . b u t  
n o t  a t  37°C . A c id  p r o d u c t io n  was v e r y  f a s t  and i t  was n o t  
uncommon f o r  l i t m u s  m ilk  t o  b e  c o a g u la te d  i n  18 h ou rs a t  55°C . 
T h is  ty p e  o f  th e r m o p h il ic  sp o refo rm er  was f i r s t  e n c o u n te r e d  i n  
F eb ru ary  1936  when F a c to r y  D, w hich  w orks on a c o n tin u o u s  s y s te m ,  
e n c o u n te r e d  d i f f i c u l t i e s  from  ( l )  m ilk  c l o t t i n g  i n  th e  n o z z le s  
o f  th e  sp r a y  and in  th e  h ig h  p r e s s u r e  p ip e  l i n e  s u p p ly in g  i t  a t  
te m p er a tu r e s  o f  130 to  1 6 0 ° F ., ( 2 )  c o a g u la t io n  o f  b a tc h e s  o f  m ilk  
i n  th e  h o ld in g  ta n k s  a t  160 F . , and ( 3 )  h ig h  a c i d i t y  in  some o f  
th e  d r ie d  pow der. From t e s t s  o f  th e  in com in g  m ilk  and o f  th e  
m ilk  th ro u g h o u t p r o c e s s in g  i t  was s e e n  t h a t ,  a lth o u g h  th e  therm o­
p h i l i c  o rg a n ism s w ere  p r e s e n t  i n  s m a ll  num bers in  th e  in com in g  
m ilk  a s  m igh t b e  e x p e c te d  in  any s im i la r  b u lk  o f  m ixed  s e p a r a te d  
m ilk ,  th e y  in c r e a s e d  th ro u g h o u t th e  o p e r a t io n  o f  th e  p la n t ,  
r e a c h in g  v e r y  h ig h  numbers i n  th e  f i n a l  c o n c e n tr a te d  m ilk  w hich  
was pumped t o  th e  s p r a y . I t  was a p p a ren t th a t  th e r m o p h ile s  w ere  
th e  ca u se  o f  th e  t r o u b le ,  f o r  a l l  th e  c u l t u r e s  i s o l a t e d  grew  a t  
7 0 °G. and p rod u ced  s u f f i c i e n t  a c i d i t y  to  c o a g u la t e  m ill: in  under
6 8 .
15 h o u r s . The p la n t  was ru n n in g  f o r  about 20 h ou rs o u t o f  2 4 ,
o
and some o f  th e  in com in g  m ilk  was h e ld  a t  160 P . f o r  th e  w h ole
o f  t h a t  t im e . H ence th e  c o n d it io n s  in  th e  p la n t  w ere i d e a l  f o r
th e  p r o l i f e r a t i o n  o f  th e  organ ism s and c o n s e q u e n t ly  i t  i s  n o t
s u r p r i s in g  t h a t  d i f f i c u l t i e s  from  th e  a c id  p rod u ced  by th a n
a r o s e .  The p la n t  was n o t  s t e r i l i s e d  a s  th o r o u g h ly  a s  th e
c o n d it io n s  o f  p r o c e s s in g  n e c e s s i t a t e d  and t h i s ,  t o g e th e r  w ith
th e  f a c t  th a t  some o f  th e  c o n c e n tr a te d  m ilk  r em a in in g  from  th e
p r e v io u s  day was d r ie d  f i r s t  on th e  f o l lo w in g  d a y 's  o p e r a t io n ,
o b v io u s ly  c o n tin u e d  to  s e e d  th e  p la n t  from  day to  day.
A s tu d y  o f  th e  c h a r a c t e r i s t i c s  o f  th e  30 c u l t u r e s  m en tio n ed
( 25 )above show ed t h a t  th e y  w ere a l l  s t r a i n s  o f  B. c a l i d o l a c t i s v ' .
T h is  o rg a n ism , a s  a lr e a d y  n o te d , was o b se rv e d  by Hammer and  
( 25 )H ussong i n  th e  f i r s t  in s t a n c e  a s  th e  c a u se  o f  th e  c o a g u la ­
t i o n  o f  s e p a r a te d  m ilk  w hich  was h e ld  a t  71 to  77°C . b e fo r e  
d r y in g , and i t  h as a ls o  b e e n  r e p o r te d  b y  them to  c o a g u la te  
e v a p o r a te d  m ilk  on s to r a g e  a t  h ig h  te m p e r a tu r e s .
P r ic k e t t ^ 4 6  ^ fo u n d  from  an e x t e n s iv e  e x a m in a t io n  o f  d i f ­
f e r e n t  sa m p les  w h ich  in c lu d e d  raw and p a s t e u r is e d  m ilk ,  m ilk  
p ow d er, m i lk - s t o n e  and some c a t t l e  f o o d s ,  t h a t  B. c a l i d o l a c t i s  
was one o f  o n ly  two th e r m o p h il ic  sp o r e fo r m in g  b a c t e r ia  w hich h e  
i s o l a t e d  t h a t  p rod u ced  an a c id  curd  i n  m ilk . B. th e r m o liq u e -  
f a c i e n s . th e  o th e r  s p o r in g  th e r m o p h ile  r e p o r te d  by him to  c u r d le  
m ilk , was v e r y  s i m i l a r  to  B. c a l i d o l a c t i s , e x c e p t  th a t  i t  
l i q u i f i e d  g e l a t i n e  and a lw a y s  r ed u c ed  n i t r a t e ,  w h ereas r e d u c t io n  
o f  n i t r a t e  b y  B. c a l i d o l a c t i s  i s  v a r ia b le .
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The c u l t u r e s  exam ined a g reed  w ith  th e  d e s c r ip t io n  o f
B. c a l i d o l a c t i s  a lr e a d y  r e c o r d e d e x c e p t  t h a t  some s t r a in s
grew more r e a d i l y  on agar s l a n t s .  T h is  h as a l s o  "been n o te d
by P r ic k e t t ^ 4 ® ). i n  a d d it io n  i t  was fou n d  t h a t  a f t e r  s e v e r a l
c u l t i v a t i o n s  in  th e  la b o r a to r y  on a g a r  s l a n t s  th e  e x t e n t  o f
grow th o f  some s t r a i n s  w h ich  had grown s c a n t i l y  a t  f i r s t  in c r e a se ^
and th a t  th e  grow th  on m ilk  agar s l a n t s  was u s u a l ly  g ood .
4 . O ther o rg a n ism s exam in ed .
The numbers o f  b a c t e r ia  c a u s in g  p e p t o n is a t io n  a t  37°C .
w ere v e r y  lo w  and a lm o s t  n e g l i g i b l e  a t  55°C . The 10 c u l t u r e s
o
c a u s in g  p e p t o n is a t io n  a t  37 C ., w h ich  w ere exam ined  i n  d e t a i l ,  
w ere a l l  a e r o b ic  sp o r e fo rm e r s  o f  th e  B. s u b t i l i s  t y p e ,  w h ich  
a r e ,  a s  h as b e e n  p r e v io u s ly  s t a t e d ,  common i n  m o st d a ir y  
p r o d u c t s . The s t r a i n s  i s o l a t e d  w ere a s  f o l lo w s
B. s u b t i l i s  4
B. l i c h e n i f o r m ls  4
B. p u m ilu s  2
I n  a d d i t io n  one a e r o b ic  sp o r e fo rm in g  th er m o p h ile  was i s o l a t e d ,  
w h ich  p rod u ced  la r g e  te r m in a l s p o r e s  r e a d i l y  on a g a r  b u t o n ly  
d ig e s t e d  m ilk  v e r y  s l i g h t l y  a f t e r  s e v e r a l  d a y s . The i d e n t i t y  
o f  t h i s  o rg a n ism  was n o t  d e f i n i t e l y  e s t a b l i s h e d  and s in c e  i t  
d id  n o t  ap p ear t o  be v e r y  common i t  i s  p r o b a b ly  n o t  o f  com m ercia l 
im p o r ta n c e .
E x a m in a tio n  o f  th e  p l a t e s  th ro u g h o u t t h e  a n a ly s i s  showed  
t h a t  a e r o b ic  sp o re fo rm ers  w ere n o t  p r e s e n t  i n  la r g e  numbers and 
se ld o m  o c c u r r e d  in  p l a t e s  made from  l e s s  th a n  .0 0 1  g . o f  powder
a t  37°C . o r  . 1  g . a t  55°C . Thus th ey  w ere fou n d  to  be more 
p r e v a le n t  i n  th e  lo w e s t  cou n t sa m p les and w ere p a r t i c u l a r l y  
e v id e n t  i n  th e  sa m p le s  from  F a c t o r ie s  C and B.
About 14 p e r  c e n t ,  o f  th e  in o c u la t io n s  from  a g a r  p l a t e s  
h e ld  a t  37°C . w h ich  w ere made i n t o  l i tm u s  m ilk  d id  n o t  change  
th e  m edia  v i s i b l y ,  and 9 p e r  c e n t ,  w ere fu r t h e r  exam ined  m ic r o ­
s c o p i c a l l y  to  s e e  i f  b a c t e r ia  w ere p r e s e n t .  About 7 p e r  c e n t ,  
o f  t h e s e  in o c u l a t io n s  showed no grow th , so  th a t  e i t h e r  th e  
in o c u l a t io n s  had b e e n  f a u l t y  o r  th e  organ ism s d id  n o t  grow in  
m ilk . The org a n ism s w h ich  grew  in  th e  m ilk  a t  37  and 5 5 ° C ., 
b u t ca u sed  no change under th e  c o n d it io n s  o f  t e s t ,  w ere a m ixed  
v a r i e t y  o f  c o c c i  and b a c t e r i a ,  and s in c e  th ey  h ave  p ro b a b ly  
l i t t l e  s i g n i f i c a n c e  a s  f a r  a s  th e  r e c o n s t i t u t e d  m ilk  i s  con­
cer n e d  th e y  w ere  n o t  exam ined f u r t h e r .
IV . F a c to r s  a f f e c t i n g  v a r i a b i l i t y  i n  b a c t e r i o l o g i c a l  
q u a l i t y  o f  sp ra y  d r ie d  m ilk  p o w d ers.
As a lr e a d y  in d ic a t e d ,  th e  b a c t e r i o l o g i c a l  q u a l i t y  o f  th e  
sp r a y  d r ie d  pow ders was found to  v a r y  w id e ly ,  w h eth er  a s s e s s e d  
b y  th e  p l a t e  c o u n t or  by th e  m eth y len e  b lu e  r e d u c t io n  t e s t .
I t  was f e l t  d e s ir a b le  to  s tu d y  th e  f i g u r e s  i n  m ore d e t a i l  in  
o r d e r ,  i f  p o s s i b l e ,  to  d e term in e  th e  c h i e f  f a c t o r s  r e s p o n s ib le  
f o r  th e  o b se rv e d  v a r i a t i o n s .
1 . V a r ia t io n s  i n  th e  powder o f  d i f f e r e n t  f a c t o r i e s .
T a b le  8 (p . 5 7 ) show s t h a t  th e r e  w ere  w ide v a r i a t i o n s  i n  
th e  mean p l a t e  c o u n ts  from  one f a c t o r y  t o  a n o th e r , e x te n d in g
from  r o u g h ly  2 0 ,0 0 0  p er  g . w ith  F a c to r y  C to  o v e r  1 2 ,0 0 0 ,0 0 0  
p e r  g . w ith  F a c to r y  D. The mean v a lu e s  o f  th e  r e d u c t io n  t im e s  
showed c o r r e sp o n d in g  v a r i a t i o n s ,  th e  f ig u r e s  v a r y in g  from  1 1 .0 3  
h o u rs  w ith  F a c to r y  C to  b arely  h a l f  t h i s  p e r io d  ( 6 .8 4  h o u r s )  
w ith  F a c to r y  D. I t  i s  o b v io u s  t h e r e f o r e  t h a t  d i f f e r e n c e s  i n  
th e  q u a l i t y  o f  th e  in com in g  m ilk  su p p ly  a n d /o r  th e  te c h n iq u e  o f  
m an u factu re  a t  th e  v a r io u s  f a c t o r i e s  ca u sed  c o n s id e r a b le  v a r i ­
a t io n s  in  th e  q u a l i t y  o f  th e  f i n a l  p r o d u c t .
2 . V a r ia t io n s  i n  th e  powder from  th e  same f a c t o r y .
A p art from  v a r i a t i o n s  i n  th e  mean c o u n ts  from  one f a c t o r y  
to  a n o th e r , marked d i f f e r e n c e s  w ere found in  th e  r a n g e s  o f  th e  
c o u n ts  o b ta in e d  a t  ea ch  in d iv id u a l  f a c t o r y .  T h ese  a r e  to  some 
e x t e n t  a p p a ren t in  th e  s ta n d a rd  d e v ia t io n s  and c o e f f i c i e n t s  o f  
v a r i a t i o n  o f  th e  lo g a r ith m s  o f  th e  p l a t e  c o u n ts  (T a b le  8 ) .  But 
th e y  a r e  p erh a p s m ost c l e a r l y  shown from  a s tu d y  o f  th e  maximum 
and minimum f i g u r e s ,  w hich  g iv e  t h e  ex trem e r a n g e s  o f  th e  
c o u n ts .  T hus, w hereas th e  c o u n ts  f o r  F a c to r y  C v a r ie d  o n ly  
from  1 ,5 0 0  to  1 2 9 ,0 0 0  p e r  g . , and f o r  F a c to r y  G o n ly  from  
1 5 ,6 0 0  to  4 5 0 ,0 0 0  p e r  g . F a c to r y  A show ed a  ra n g e  o f  from
4 6 .0 0 0  to  2 0 ,2 0 0 ,0 0 0  p e r  g . and F a c to r y  D th e  ex trem e v a lu e s  o f
2 8 .0 0 0  to  1 4 9 ,0 0 0 ,0 0 0 . C o rresp o n d in g  v a r ia t io n s  w ere fou n d  in  
th e  r e d u c t io n  t im e s . A p art t h e r e f o r e  from  any g e n e r a l  d i f f e r ­
e n c e s  i n  th e  te c h n iq u e  o f  m a n u fa ctu re  b e tw een  th e  d i f f e r e n t  
f a c t o r i e s ,  i t  may b e  s a id  t h a t  in  some f a c t o r i e s  th e r e  m ust have  
b een  a co m p le te  la c k  o f  c o n s i s t e n c y  in  th e  d a y - to -d a y  management 
o f  th e  p la n t .
7 2 .
3 . V a r ia t io n  in  th e  powder from  th e  same fa c to r y  d u r in g
th e  same d a y ’s  o p e r a t io n .
I t  m igh t he e x p e c te d  t h a t ,  a s  many o f  th e  f a c t o r i e s  w ere  
o p e r a te d  c o n t in u o u s ly  d u r in g  th e  d a y 's  ru n , th e  b a c t e r i o l o g i c a l  
q u a l i t y  w ould  d e t e r io r a t e  th rou gh  th e  m u l t i p l i c a t i o n  o f  therm o­
p h i l i c  or  th erm o d u ric  b a c t e r ia  d u r in g  p r o c e s s in g .  Such  
d e t e r io r a t io n  h a s ,  o f  c o u r s e , b een  f r e q u e n t ly  o b se r v e d  i n  la r g e  
s c a l e  p a s t e u r i s in g  p la n t s  when ta n k s have b e e n  u s e d  f o r  lo n g  
p e r io d s  w ith o u t  in t e r m it t e n t  s t e r i l i s a t i o n .  Thus powder p r o ­
duced  d u r in g  th e  f i r s t  few  hou rs o f  p la n t  o p e r a t io n  m ig h t b e  
e x p e c te d  to  be o f  a h ig h e r  q u a l i t y  th an  t h a t  p rod u ced  a t  th e  
end o f  th e  d a y 's  ru n . The mean v a lu e s  o f  th e  p l a t e  c o u n ts  and  
r e d u c t io n  t im e s  a t  37°C . and 55°C . (T a b le  1 6 ) o f  pow ders sam p led  
a t  th e  b e g in n in g  o f  p r o c e s s in g  and tow ard s th e  end o f  th e  same 
d a y 's  m a n u fa c tu re  d em o n stra te  t h a t  t h e r e  i s ,  i n  f a c t ,  some 
i n d i c a t i o n  o f  a f a l l i n g  o f f  in  b a c t e r i o l o g i c a l  q u a l i t y ,  th ough  
th e  r e s u l t s  a r e  by no means c o n s i s t e n t .  I t  w i l l  b e  s e e n ,  
h o w ev er , t h a t  th e  r e s u l t s  o f  th e  p la t e  c o u n ts  made a t  55°C . a r e  
d e f i n i t e l y  more c o n s i s t e n t  th a n  th o s e  made a t  3 7 ° C ., w hich  
a p p ea rs  to  in d i c a t e  ( a s  w ould  be e x p e c te d )  th a t  any in c r e a s e  in  
c o u n t i s  a t t r ib u t a b le  to  th e r m o p h il ic  and th erm o d u ric  t y p e s .
I t  i s  d o u b t f u l ,  h ow ever, w h eth er  th e  f i g u r e s  i n  T ab le  16  
can  be a d e q u a te ly  in t e r p r e t e d  w ith o u t  r e f e r e n c e  to  th e  e x a c t  
m ethod o f  p r o c e s s in g  in v o lv e d  a t  e a c h  in d iv id u a l  f a c t o r y .  T h is  
p o in t  may b e  i l l u s t r a t e d  b y  r e f e r e n c e  to  F a c to r y  E. A t t h i s  
f a c t o r y  th e  d a y 's  o p e r a t io n s  u s u a l l y  b egan  b y  d r y in g
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some o f  th e  p r e co n d e n sed  m ilk  w h ich  had rem ained  from  th e  
p r e v io u s  d a y 's  m a n u fa ctu re . T h is  p r a c t i c e  in c r e a s e d  th e  economy 
o f  w o rk in g , b u t i t  i s  c l e a r  th a t  th e  o ld  p r e co n d e n sed  m ilk  
( e s p e c i a l l y  when in a d e q u a te ly  c o o le d  b etw een  th e  two d i f f e r e n t  
d a y s ' o p e r a t io n s )  w ould b e  h e a v i ly  co n ta m in a ted  w ith  b o th  
o r d in a r y  m ilk  f l o r a  and th erm od u ric  b a c t e r ia .  H ence th e  f i r s t  
pow der to  b e  d r ie d  w ould p ro b a b ly  h ave  an a b n o rm a lly  h ig h  c o u n t;  
t h i s  c o u n t would th e n  b e  d i lu t e d  a s  f r e s h  m ilk  e n te r e d  th e  p r e ­
c o n d e n se r , b u t th e  co u n t o f  th e  l a t t e r  (b e in g  w e l l  s e e d e d  w ith  
th erm o d u ric  b a c t e r ia  from  the o ld  p reco n d en sed  m ilk )  w ou ld  a g a in  
g r a d u a lly  in c r e a s e  a s  th e  d a y 's  run p r o g r e s s e d . T hat su ch  a 
seq u e n c e  a c t u a l l y  o c c u r r e d  i n  F a c to r y  E was shown i n  t e s t s  ca rr ied  
o u t on sa m p les  o f  powder ta k en  a t  i n t e r v a l s  th ro u g h o u t a  s i n g l e  
d a y 's  r u n , th e  r e s u l t s  o f  th e  t e s t s  b e in g  a s  f o l l o w s : -
F a c to r y  E Hours a f t e r  P la t e  Count R edu c- P l a t e  Count R ed u c-  
Sam ple No. s t a r t  o f  a t  37°C . t i o n  a t  55°C . t i o n  
J u ly  1938 m a n u fa c tu re  T e s t  T e s t
a t  37  C. a t  55 C.
4 4  1 ,3 0 0  7£
7 f  370 lO f
550 lO f
7  1 ,7 0 0
6* 2 ,6 0 0  7
5^ 3 ,2 0 0  7£
Such a r e g u la r  seq u e n c e  i s  p r o b a b ly  e x c e p t io n a l ,  s in c e  many 
a d v e n t i t io u s  f a c t o r s  may a f f e c t  th e  b a c t e r i o l o g i c a l  q u a l i t y  o f  
th e  p r o d u c t a t  any g iv e n  t im e . The above r e s u l t s  s e r v e ,  
h o w ev er , to  show t h a t  w h ile  th e  f i g u r e s  g iv e n  in  T a b le  16  ca n n o t  




0 3 6 ,0 0 0 ,0 0 0
104 2 8 ,9 0 0 ,0 0 0
105 4 5 ,8 0 0 ,0 0 0
106 6 1 ,3 1 0 ,0 0 0
107 9 2 ,1 5 0 ,0 0 0
108 11 5 ,3 0 0 ,0 0 0
e s t im a te  r a th e r  th an  to  o v e r - e s t im a t e  th e  d e tr im e n ta l  e f f e c t  o f  
c o n tin u o u s  o p e r a t io n  on th e  q u a l i t y  o f  th e  powder.
4 . V a r ia t io n  a c c o r d in g  to  s e a s o n  o f  .year.
An e x a m in a t io n  o f  th e  r e s u l t s  o b ta in e d  on sa m p les o f  
powder o b ta in e d  from  in d iv id u a l  f a c t o r i e s  shows t h a t  s e a s o n a l  
v a r ia t io n s  i n  q u a l i t y  o n ly  o ccu r  w here th e  g e n e r a l  b a c t e r i a l  
s ta n d a r d  i s  n o r m a lly  p o o r . T h is  f a c t  i s  i l l u s t r a t e d ,  in  th e  
form s o f  h is to g r a m s , i n  f i g u r e s  1 , 2  and 3 ,  w here th e  a v e r a g e  
f i g u r e s  f o r  a s e r i e s  o f  d a i ly  runs a r e  shown s e p a r a t e ly  f o r  th e  
summer and w in t e r  p e r io d s .  R e fe r r in g  to  f ig u r e  1 ( p l a t e  c o u n ts  
a t  3 7 ° C .) ,  i t  w i l l  b e  s e e n  th a t  a t  F a c to r y  C (w h ich  h a s  b een  
shown i n  T ab le  8 to  p rod u ce  powder o f  u n ifo r m ly  good  q u a l i t y )  
th e r e  i s  no d i f f e r e n c e  in  th e  ran ge or  d i s t r i b u t i o n  o f  th e  
c o u n ts  b etw een  summer and w in t e r .  On th e  o th e r  hand a t  F a c t o r ie s  
D and E (w h ich  have b e e n  shown to  prod u ce pow der o f  r e l a t i v e l y  
p o o r  q u a l i t y )  th e  d i s t r i b u t i o n  o f  th e  c o u n ts  v a r ie s  b e tw een  
summer and w in t e r ,  th e  summer p e r io d  h a v in g  a m ark ed ly  h ig h e r  
p r o p o r t io n  o f  h ig h  c o u n t s .  S im ila r  r e s u l t s  a r e  shown i n  
f ig u r e  2 ( p l a t e  c o u n ts  a t  55°C.), w h ile  from  f i g u r e  3 i t  w i l l  be  
s e e n  t h a t  th e  d i s t r i b u t i o n  o f  m e th y len e  b lu e  r e d u c t io n  t im es  
show s c o r r e sp o n d in g  v a r i a t i o n s ,  th e r e  b e in g  no d i f f e r e n c e  b e tw een  
th e  summer and w in te r  t e s t s  fo r  F a c to r y  C, b u t marked d i f f e r e n c e s  
f o r  F a c t o r ie s  D and E. T hese r e s u l t s  show on ce a g a in  th a t  w ith  
c o n s i s t e n t  management o f  th e  p l a n t ,  a f a c t o r y  can p rod u ce m ilk  
pow der o f  h ig h  q u a l i t y  th ro u g h o u t th e  y e a r , w h i le  v /ith  p oor  
managem ent s p e c i a l  d i f f i c u l t i e s  w i l l  i n e v i t a b l y  be e x p e r ie n c e d

P i o o * E  J  M « n m i «  f3c»e T i n e  /vr 3 7 % .
PfHTo«.y C
7 5 .
under suraner c o n d i t io n s  when n o t  o n ly  th e  t o t a l  b a c t e r i a l  c o n te n t
o f  th e  in com in g  raw m ilk  b u t i t s  c o n te n t  o f  h e a t  r e s i s t a n t  
(4 7 )s t r e p t o c o c c i '  • w i l l  b e  e x c e p t io n a l ly  h ig h .
N ote on F ig u r e s  1 , 2 and 5 .
In  th e  above f i g u r e s  th e  w in te r  p e r io d  was ta k en  as  
e x te n d in g  from  th e  b e g in n in g  o f  O ctob er  u n t i l  th e  end o f  March, 
and th e  summer p e r io d  c o n s i s t e d  o f  th e  o th e r  s i x  m onths o f  th e  
y e a r .
E ach o f  th e  v a lu e s  p lo t t e d  in  th e  f i g u r e s  r e p r e s e n t s  th e  
mean v a lu e  o f  a l l  th e  sa m p les t e s t e d  from one p a r t i c u l a r  d a y ’ s  
o p e r a t io n  a t  th e  th r e e  d i f f e r e n t  f a c t o r i e s ,  and th e y  w ere u s u a l l y  
th e  mean v a lu e s  c a lc u la t e d  from  3 to  6 sa m p le s .
The p l a t e  c o u n ts  a t  37  and a t  55°C . a re  g iv e n  a s  lo g a r ith m ic  
v a lu e s  and th e  r e d u c t io n  tim e a t  37°C . i n  h o u r s . The t o t a l  
number o f  sa m p les  on  w hich  th e  mean v a lu e s  f o r  th e  h is to g r a m s  
w ere b a se d  i s  g iv e n  b e low
F a c to r y  W in ter  Summer
T o ta l  No. o f  sa m p les T o t a l  No. o f  sa m p les
exam ined  b y : -  exam ined b y : -
P l a t e  P l a t e  R ed uc- P l a t e  P l a t e  R educ-
Count Count t i o n  Count Count t i o n
a t  a t  T e s t  a t  a t  T es t
37°C . 55°C. a t  37°C . 55°C . a t
3 7  C. 37 C.
C 30  30  29 21 21 21
D 22  22 22 39 38  39
E 18 16  18 35  17 35
5 . V a r ia t io n  b etw een  f u l l  cream  and skimmed m ilk  p ow d ers.
S in c e  o n ly  a l im i t e d  number o f  f u l l  cream  m ilk  powder 
sa m p les  was exa m in ed , and s in c e  th e  v a r ia t io n s  in  th e  q u a l i t y  
o f  sa m p les  o b ta in e d  from  in d iv id u a l  f a c t o r i e s  have b een  shown 
to  b e  l a r g e ,  a d i r e c t  com p arison  b etw een  th e  b a c t e r i a l  c o n te n t  
o f  f u l l  cream  and s e p a r a te d  m ilk  pow ders has been  l im i t e d  to  
sa m p les  o b ta in e d  from  a s in g le  f a c t o r y ,  i . e .  F a c to r y  E. The 
r e le v a n t  f i g u r e s  a r e  shown i n  T ab le  17 . I t  w i l l  b e  s e e n  th a t  
th e  mean v a lu e s  o f  th e  p l a t e  c o u n ts  d i f f e r e d  a p p r e c ia b ly ,  th a t  
o f  th e  skimmed m ilk  powder b e in g  about e ig h t  t im e s  as h ig h  as  
t h a t  o f  th e  f u l l  cream  p r o d u c t . C o rresp o n d in g  r e s u l t s  w ere  
o b ta in e d  f o r  th e  m eth y len e  b lu e  r e d u c t io n  t e s t s .  A c a r e f u l  
s tu d y  o f  th e  s ta n d a r d  e r r o r s  o f  th e  lo g a r ith m s  o f  th e  p la t e  
c o u n ts  in d i c a t e s  m oreover  t h a t ,  a lth o u g h  th e  r a n g e s  o f  th e  
c o u n ts  d id  n o t  d i f f e r  m a t e r i a l l y ,  th e  means a r e  p r o b a b ly  s i g n i ­
f i c a n t l y  d i f f e r e n t .  The same c o n c lu s io n  a p p l ie s  to  th e  
r e d u c t io n  t e s t s ,  and i t  w i l l  be s e e n  th a t  in  t h i s  c a s e  th e  
skimmed m ilk  pow der a c t u a l l y  had a w id e r  ra n ge  o f  r e d u c t io n  
t im e s ,  th e  minimum b e in g  3^ hou rs a s  com pared w ith  6 h ou rs f o r  
th e  f u l l  cream  pow der. I t  i s  p o s s i b l e  t h a t  t h e s e  d i f f e r e n c e s  
a re  a s s o c ia t e d  w ith  v a r ia t io n s  i n  th e  q u a l i t y  o f  th e  in com in g  
m ilk , s i n c e  i t  m ig h t b e  e x p e c te d  t h a t  f r e s h  w h ole  m ilk  would  
h ave  a s m a l le r  b a c t e r i a l  f l o r a  than  s e p a r a te d  m ilk .
6 . V a r ia t io n s  d u r in g  s t o r a g e .
( a )  V a r ia t io n s  a t  room te m p e r a tu r e . P r e v io u s  w ork ers^ 4 0 ’ 4 2  ^
h ave  shown t h a t  d u r in g  p r o lo n g e d  s t o r a g e  th e  v ia b l e  b a c t e r ia
TABLE 1 7 . 
F a c to r y  E .
Powder made from :
W hole m ilk  Skimmed m ilk
No. o f  sa m p les  exam ined 42 *  107
P l a t e  Count a t  37°C .
Mean 5 1 1 ,0 0 0  4 ,1 8 0 ,0 0 0
Minimum 1 ,4 0 0  5 ,0 0 0
Range
Maximum 4 5 ,5 0 0 ,0 0 0  3 6 ,0 0 0 ,0 0 0
Log. o f  P l a t e  Count 
a t  37  C.
Mean 5 .3 1  6 .0 0
S ta n d a rd  D e v ia t io n  1 .2 7 8  0 .8 4 4
C o e f f i c i e n t  o f
V a r ia t io n  24.07%  14.07%
Minimum 3 .1 5  3 .7 0
Range
Maximum 7 .6 6  7 .5 6
M eth y len e  B lu e
R e d u c tio n  Time a t  
37  C.
Mean 9 .2 0  7 .4 5
S ta n d a rd  D e v ia t io n  1 .7 1 2  1 .5 9 7
C o e f f i c i e n t  o f
V a r ia t io n  18.6%  21.5%
Minimum 6 .0  3 .5
Range
Maximum 1 2 .5  1 2 .5
x  11 o f  t h e s e  sa m p les  w ere n o t  in c lu d e d  in  th e  t o t a l  f o r  F a c to r y E  
g iv e n  in  T ab le  8 s in c e  th e y  w ere exam ined  a f t e r  th e  s t a t i s t i c a l  
a n a l y s i s  had b e e n  made.
i n i t i a l l y  p r e s e n t  i n  m ilk  pow ders ten d  to  d ie  o u t .  T h is  
o b s e r v a t io n  was co n firm ed  i n  th e  p r e s e n t  s tu d y . The f o l lo w in g  
t a b le  g iv e s  a sunmary o f  th e  r e s u l t s  o b ta in e d  i n  th e  p e r io d ic  
e x a m in a t io n  o f  a s e r i e s  o f  sa m p les o f  t y p i c a l  s p r a y -d r ie d  
p o w d ers: -
Time s t o r e d  a t
la b o r a to r y
tem p era tu re
M o n t h s  
l £  3 6 8 12
Mean % red u c ­
t io n  i n  c o u n t 50% 67% 73% 76% 95%
Range o f  % 
r e d u c t io n  in
co u n t 1-96% 25-91% 5-99% 29-98%  91-98%
No. o f  sam p les
exam in ed  43  12 18 28 1 6  7
W h ile  th e  e x t e n t  o f  th e  r e d u c t io n  i n  b a c t e r i a l  f l o r a  v a r ie d  
w id e ly  from  sam p le  to  sam ple (a s  shown from  th e  f i g u r e s  o f  th e  
ra n ge  o f  p e r c e n ta g e  r e d u c t io n s ) ,  th e  mean f i g u r e s  showed t h a t  
th e r e  was a p r o g r e s s iv e  f a l l  d u r in g  s t o r a g e ,  p l a t e  c o u n ts  made 
on pow ders k e p t  i n  s to r a g e  f o r  12 m onths g iv in g  c o u n ts  w h ich  
w ere l e s s  th a n  10 p e r  c e n t ,  o f  t h e i r  i n i t i a l  v a lu e s .  Thus ( t o  
ta k e  two t y p i c a l  sa m p le s )  w ith  sam ple D 72  an i n i t i a l  c o u n t o f
3 3 0 .0 0 0  p e r  g . was r ed u ced  t o  2 9 ,0 0 0  p e r  g . , w h ile  w ith  sam ple  
E 140 an i n i t i a l  cou n t o f  5 ,2 0 0 ,0 0 0  p e r  g . was r ed u c ed  to
5 0 0 .0 0 0  p e r  g .
O ther t e s t s  f o r  b a c t e r i o l o g i c a l  q u a l i t y  a l s o  in d ic a t e d  
t h a t  th e  number o f  b a c t e r ia  d e c r e a s e d  on s t o r a g e .  Thus w ith
th e  k e e p in g  q u a l i t y  t e s t s ,  th e  number o f  days b e fo r e  th e  
sa m p les c l o t t e d  on b o i l i n g  ten d ed  to  in c r e a s e  by ^ to  1 day on 
12 m o n th s’ s t o r a g e ,  p a r t i c u l a r l y  i f  th e  i n i t i a l  k e e p in g  q u a l i t y  
was 3 o r  l e s s  than  3 d a y s . When, how ever, th e  o r i g i n a l  k e e p in g  
q u a l i t y  was 3-g- to  4  d ays a s  w ith  many o f  th e  sam p les w h ich  had  
a low  p l a t e  c o u n t , th e  i n i t i a l  k e e p in g  q u a l i t y  d id  n o t  in c r e a s e  
a p p r e c ia b ly  on s t o r a g e .
The r e d u c t io n  t e s t s  a t  37°C . a l s o  g e n e r a l ly  r e f l e c t e d  a
r e d u c t io n  i n  b a c t e r i o l o g i c a l  a c t i v i t y  a s  th e  samples aged  and
r e d u c t io n  t im e s  in c r e a s e d ,  e s p e c i a l l y  when th e  o r i g i n a l  tim es
w ere s h o r t .  For in s t a n c e ,  th e  m eth y len e  b lu e  r e d u c t io n  tim e
o f  sa m p le  E 26  was 3^ hou rs i n i t i a l l y ;  a f t e r  6 w eek s' s t o r a g e
i t  had r i s e n  by 1 h o u r , and a f t e r  6 m onths i t  r e q u ir e d  tw ic e  as
lo n g  f o r  th e  m e th y len e  b lu e  to  be red u ced . H ow ever, w ith
sam ple F 5 , th e  in c r e a s e  was l e s s  m arked, th e  r e d u c t io n  tim e
in c r e a s in g  to  10^ h o u rs  from  9^ h ou rs a f t e r  6 m on th s' s t o r a g e .
o
The p l a t e  c o u n ts  and r e d u c t io n  t im e s  a t  55 C. in d ic a t e d  on  
th e  w h o le  a r e d u c t io n  i n  num bers and b a c t e r i o l o g i c a l  a c t i v i t y  
b u t th e  r e s u l t s  w ere l e s s  marked and l e s s  c o n s i s t e n t  th an  f o r  
th e  same t e s t s  c a r r ie d  o u t  a t  37°C .
I t  may b e  n o te d  th a t  t h i s  a p p a ren t im provem ent i n  th e  
b a c t e r i o l o g i c a l  q u a l i t y  o f  m ilk  pow ders d u r in g  s t o r a g e  i s  o f  
c o n s id e r a b le  im p ortan ce  i n  r e l a t i o n  to  g r a d in g  s ta n d a r d s , s in c e  
i t  i s  q u i t e  p r o b a b le  t h a t  a powder w hich  f a i l e d  to  a t t a i n  a g iv e n  
s ta n d a rd  when exam ined  so o n  a f t e r  p r o d u c t io n  o u ld  q u a l i f y  b y  
th e  same s ta n d a rd  when exam ined  a f t e r  s e v e r a l  m on th s' s t o r a g e .
I t  i s  c l e a r ,  t h e r e f o r e ,  th a t  in  fo r m u la t in g  q u a l i t y  s ta n d a r d s  
th e  a p p rox im ate  age o f  th e  powder a t  th e  tim e o f  t e s t i n g  w ould  
n eed  to  be s t i p u l a t e d .
(b ) V a r ia t io n s  a t  d i f f e r e n t  te m p e r a tu r e s . T a b le  18 shows t h a t  
th e  b a c t e r i a l  f l o r a  ten d  to  d ie  o u t  more r a p id ly  as th e  tem p era­
tu r e  o f  s t o r a g e  i s  r a i s e d .  The i n i t i a l  p l a t e  c o u n ts  o f  th e  
pow ders show c o n s id e r a b le  v a r ia t io n s  (p ro b a b ly  r a n g in g  from  100  
to  250 m i l l i o n s  p e r  g . o f  p o w d er ), b u t i f  th e  lo w e r  v a lu e  be  
ta k en  a s  a s ta n d a r d  i t  w i l l  be s e e n  t h a t  a f t e r  s i x  m on th s' 
s to r a g e  i n  a r e f r ig e r a t o r  th e  co u n t h a s  b een  red u ced  by 13 p er  
c e n t .  ( i . e .  to  8 7 ,0 0 0 ,0 0 0  p e r  g . ) ,  w h ereas a t  room tem p era tu re  
i t  h as b e e n  red u ced  b y  82  p e r  c e n t . ,  a t  22°C . b y  98 p e r  c e n t . ,
and a t  40 °C . b y  9 9 .9  p e r  c e n t .  ( i . e .  to  o n ly  9 4 ,0 0 0  p e r  g . ) .
R e s u l t s  o b ta in e d  w ith  t h e  m eth y len e  b lu e  r e d u c t io n  t e s t s  
co n firm ed  in  g e n e r a l  t h e s e  f i n d i n g s ,  th e  r e d u c t io n  t im e s  f o r  
sa m p les  s t o r e d  in  a r e f r i g e r a t o r  and a t  room tem p era tu re  r e -
o
m a in in g  more or l e s s  c o n s t a n t ,  th o s e  f o r  sa m p les  s t o r e d  a t  22  C. 
r i s i n g  from  6-g- h ou rs to  8 £  h o u r s , and th o s e  f o r  sa m p les  s t o r e d  
a t  40 °C . r i s i n g  from  6^ h ou rs to  10£  h o u r s .
( c )  V a r ia t io n s  w ith  s t o r a g e  in  a i r  v e r s u s  n i t r o g e n . O p p o rtu n ity  
was ta k en  t o  d e term in e  th e  r e l a t i v e  e f f e c t s  o f  s t o r a g e  i n  a i r  
w ith  s t o r a g e  in  an in e r t  g a s ,  n am ely  n i t r o g e n .  In  b o th  c a s e s
th e  m ilk  powder was p ack ed  in  s e a le d  c o n t a in e r s ,  b u t w ith  one
s e t  o f  sa m p les th e  c o n ta in e r  had been  e x h a u s te d  o f  a i r  and r e -
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f i l l e d  w ith  com m ercia l n it r o g e n 3'. An e x a m in a tio n  o f  T a b le  18 
in d ic a t e s  t h a t  i n  g e n e r a l th e  r a t e  o f  r e d u c t io n  in  b a c t e r i a l  
f l o r a  was c o n s id e r a b ly  r e ta r d e d  by th e  s u b s t i t u t i o n  o f  n i t r o g e n  
f o r  a i r .  Thus a f t e r  s i x  m onths' s to r a g e  a t  room tem p era tu re
th e  p l a t e  co u n t o f  powder in  th e  a i r - f i l l e d  c o n ta in e r s  showed  
an82 p e r  c e n t ,  r e d u c t io n  w h ile  t h a t  o f  powder in  th e  n i t r o g e n -  
f i l l e d  c o n t a in e r s  showed o n ly  a 38  p e r  c e n t ,  r e d u c t io n . The 
e q u iv a le n t  f i g u r e s  a f t e r  s i x  m on ths' s to r a g e  a t  22°C . w ere 98  
p er  c e n t ,  and 9 2  p e r  c e n t .  At 40°C . th e r e  w ere no s i g n i f i c a n t  
d i f f e r e n c e s  a f t e r  p r o lo n g e d  s t o r a g e  ( i . e .  a f t e r  6 m on ths) s in c e  
th e  c o u n ts  o f  b o th  s e t s  o f  sa m p les had been  red u ced  b y  o v er  
9 9 .9  p e r  c e n t . ,  b u t  th e  d i f f e r e n c e s  w ere c l e a r l y  a p p a ren t a t  th e  
e a r l i e r  s t a g e s  o f  s to r a g e  (up to  28 d a y s ) .
I t  may be n o te d  th a t  th e  above d i f f e r e n c e s  i n  th e  r a t e  o f  
r e d u c t io n  o f  b a c t e r i a l  f l o r a  w ere seld om  accom panied  by any  
p e r c e p t ib l e  d i f f e r e n c e s  in  th e  m eth y len e , b lu e  r e d u c t io n  t im e s .
V. The u s e  o f  th e  m eth y len e  b lu e  r e d u c t io n  t e s t  as a 
m ethod o f  a s s e s s i n g  th e  b a c t e r i o l o g i c a l  q u a l i t y  o f
m ilk  p o w d ers.
I n  th e  A p p en d ix  e v id e n c e  i s  p r e s e n t e d  r e g a r d in g  th e  r e ­
l a t i o n s h i p  b e tw een  th e  p la t e  c o u n t , th e  m e th y len e  b lu e  r e d u c t io n  
t e s t  and th e  k e e p in g  q u a l i t y  o f  sam p les o f  raw m ilk  p rod u ced  
u n d er a v a r i e t y  o f  c o n d i t io n s ,  and th e  c o n c lu s io n  was drawn th a t
x The c h i e f  o b j e c t  o f  u s in g  n i t r o g e n  was to  a tte m p t to  p r e v e n t  
o r  r e t a r d  f a t  d e t e r io r a t io n  ( t a l l o w i n e s s ) , w h ich  i s  r e c o g n is e d  
to  be due t o  o x id a t io n .  The b a c t e r i o l o g i c a l  s t u d ie s  w ere 
t h e r e f o r e  i n c i d e n t a l  to  th e  m ain o b j e c t  o f  th e  i n v e s t i g a t i o n .
f o r  th e  g e n e r a l p u rp o se  o f  c l a s s i f y i n g  m ilk  a c c o r d in g  to  
b a c t e r i o l o g i c a l  q u a l i t y  th e  m eth y len e  b lu e  r e d u c t io n  t e s t  a p p ea rs  
to  h ave  o u t s ta n d in g  a d v a n ta g e s , among w hich  may be m en tio n ed  
s i m p l i c i t y ,  r a p id i t y  and c h e a p n e ss . I t  seem ed d e s i r a b le  t o  make 
a s i m i l a r  com p arison  o f  th e  r e l a t i v e  v a lu e s  o f  th e  p l a t e  co u n t  
and th e  r e d u c t io n  t e s t  i n  a s s e s s i n g  th e  q u a l i t y  o f  m ilk  pow d ers.
Owing to  th e  r e l a t i v e l y  s m a ll  ra n ge  o f  v a r ia t io n  i n  th e  
k e e p in g  q u a l i t i e s  o f  th e  m a jo r ity  o f  sa m p les  exam in ed * i t  was 
n o t  p r a c t i c a b le  t o  a ttem p t to  c o r r e la t e  e i t h e r  o f  th e  above  
t e s t s  w ith  k e e p in g  q u a l i t y .  The com p arison  h a s ,  t h e r e f o r e ,  
b een  l i m i t e d  to  a d i r e c t  c o r r e l a t i o n  b etw een  p l a t e  co u n t and 
r e d u c t io n  t e s t .  F u l l  d a ta  f o r  th e  t e s t s  c a r r ie d  o u t a t  37°C . 
a r e  g iv e n  in  th e  form  o f  a fr e q u e n c y  t a b le  in  T ab le  1 9 . I t  w i l l  
be s e e n  t h a t  th e  m a jo r ity  o f  th e  f ig u r e s  f a l l  a lo n g  a b road  
ban d , th e  d is c r e p a n c ie s  b e in g  somewhat more num erous th a n  w ith  
sa m p les  o f  raw m ilk  ( s e e  A p p en d ix ). T h is  d i f f e r e n c e  i s  r e ­
f l e c t e d  i n  th e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  th e  two s e r i e s ,  th e
v a lu e  o f  ' r '  f o r  th e  d r ie d  m ilk  sa m p les b e in g  - 0 .7 2 3  a s  a g a in s t  
- 0 .8 1 8  f o r  th e  raw m ilk  sa m p le s .
I t  may be n o t e d ,  t o o ,  th a t  th e  r e g r e s s io n  e q u a t io n s  fo r  th e  
two s e r i e s  d i f f e r ,  a s  shown in  th e  f o l lo w in g  t a b l e : -
*  I t  w i l l  b e  s e e n  on r e f e r e n c e  to  T ab le  10 (p . 60 ) t h a t  93 p er  
c e n t ,  o f  th e  sa m p les had k e e p in g  q u a l i t i e s  o f  b etw een  3 and 4
d a y s , w h ich  w ould  a l lo w  o n ly  t h r e e  v a lu e s  f o r  co m p a riso n ,
i . e .  3 ,  3-g- and 4  d a y s . I t  was f e l t  t h a t  t h i s  w ould be q u it e  
in a d e q u a te  to  e n a b le  a  v a l i d  c o r r e l a t i o n  c o e f f i c i e n t  to  be 
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TABLE 2 0 .
Raw
m ilk  x
sa m p les y
D r ied
m ilk  x
sa m p les  y
R e g r e s s io n
e q u a t io n s
- 0 . 2 6 9 y  + 6 .5 1 4  
- 2 .4 8 6 x  + 1 8 .1 7
- 0 . 3877y+  8 .7 7 8  
- 1 .3 4 9 x  + 1 5 .7 6 9
V a lu e  o f  y  
when p la t e  
cou n t i s  
2 0 0 ,0 0 0  p er  
m l . ,  i . e .  
when x  = 
l o g .  5 .3 0  
h r s . m in s .
59
V a lu e  o f  
x  when y
P l a t e  co u n t  
p e r  m l. eq u i-
= 5 .0  hrs. v a l e n t  to  
v a lu e  i n  
p r e c e d in g  
colum n.
5 . 1 7
5 . 8 4
16
1 4 8 ,0 0 0
6 9 0 ,0 0 0
w here x  = lo g a r ith m  o f  th e  p l a t e  cou n t
y = tim e in  h ou rs r e q u ir e d  t o  red u ce  
m eth y len e  b lu e  in  th e  r e d u c t io n  
t e s t .
Prom t h i s  t a b le  i t  w i l l  b e  s e e n  t h a t  f o r  a g iv e n  p l a t e  
co u n t th e  b a c t e r i a l  f l o r a  o f  r e c o n s t i t u t e d  m ilk  powder show a 
l e s s  a c t i v e  r e d u c in g  pow er th an  th e  f l o r a  o f  raw m ilk ;  e . g .  
when th e  co u n t i s  2 0 0 ,0 0 0  p e r  m l . ,  th e  e q u iv a le n t  r e d u c t io n  tim e  
f o r  r e c o n s t i t u t e d  m ilk  pow der i s  7£ h o u rs  com pared w ith  5 h ou rs  
f o r  th e  raw m ilk . I t  seem s c l e a r  th a t  t h i s  m u st be due t o  the  
v e r y  s p e c i a l i s e d  ty p e  o f  f l o r a  w h ich  (a s  h as a lr e a d y  b e e n  shown) 
n o r m a lly  o c c u r s  i n  m ilk  pow d ers.
S in c e  p a r t  o f  t h i s  f l o r a  c o n s i s t s  o f  th e r m o p h il ic  and 
th erm o d u r ic  b a c t e r ia  i t  was f e l t  t h a t  a b e t t e r  c o r r e l a t i o n  m igh t
*  T h ese  f i g u r e s  r e f e r  t o  th e  r e c o n s t i t u t e d  m ilk  pow d er, w h ich  w il]  
c o n t a in  p e r  m l. o n ly  o n e - t e n t h  o f  th e  b a c t e r i a l  f l o r a  w hich  i s  
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>r' to m uj t.3 co
e x i s t  b e tw e en  p l a t e  c o u n ts  and r e d u c t io n  t im es  when t h e s e  were  
c a r r i e d  o u t  a t  55°C. T ab le  21 sh ow s, h ow ever , t h a t  t h e  f r e ­
q u e n c ie s  a r e  w id e ly  s c a t t e r e d ,  and c a l c u l a t i o n  o f  th e  c o r r e l a ­
t i o n  c o e f f i c i e n t  g i v e s  t h e  low v a lu e  f o r  *r' o f  - 0 . 2 2 1 .
I t  a p p ea r s  from th e  above f a c t s  t h a t  when t h e  r e d u c t io n  
t e s t  i s  c a r r i e d  o u t  a t  37°C. i t  shows r e a s o n a b le  agreem ent w ith  
th e  p l a t e  c o u n t  p r o v id e d  t h a t  th e  c o r r e c t  r e g r e s s i o n  e q u a t io n  
i s  u s e d . On th e  o t h e r  hand t h e r e  i s  a l a c k  o f  agreem ent  
b etw een  th e  r e d u c t i o n  t e s t  a t  55°C. and th e  numbers o f  therm o­
p h i l i c  and th er m o d u r ic  b a c t e r i a  i n  th e  m i lk  pow der. T h is  f a c t  
d oes  n o t ,  h o w ev er , i n v a l i d a t e  t h e  c o n c lu s io n  a lr e a d y  s t a t e d  on 
page 58 t h a t  th e  r e d u c t io n  t e s t  a t  55°C. can  p r o v id e  u s e f u l  
in f o r m a t io n  r e g a r d in g  t h e  a c t i v i t y  o f  su c h  o rg a n ism s .
V I. A n o t e  on th e  d e s i r a b i l i t y  o f  g r a d in g  sp r a y
d r ie d  m i l k  p ow d er .
D ata  h ave  b een  p r e s e n t e d  w hich  show t h a t  w ide v a r i a t i o n s  
e x i s t  i n  th e  b a c t e r i o l o g i c a l  q u a l i t y  o f  s p r a y  d r i e d  m i lk  powder  
b u t t h a t  t h e s e  v a r i a t i o n s  a r e  l e a s t  i n  th e  powder from  th e  
f a c t o r i e s  w h ich  g e n e r a l l y  p rodu ce  t h e  b e s t  q u a l i t y  powder. I t  
has  b e e n  i n d i c a t e d  t h a t  pow ders o f  h ig h  b a c t e r i o l o g i c a l  c o n t e n t  
a r e  p r o b a b ly  due to  p o o r  t e c h n iq u e  o f  o p e r a t io n  a t  t h e  f a c t o r y .  
Hucker and Hucker^4 8 ) h a v e  a l s o  d e m o n stra ted  t h i s  f a c t  and have  
shown t h a t  by t h e  i n t r o d u c t i o n  o f  s p e c i a l  s a n i t a r y  m ethods a t  
d r y in g  p l a n t s  th e  c o u n ts  o f  c o m m e r c ia l ly  p r e p a r e d  i n f a n t  fo o d s  
were g r e a t l y  r e d u c e d .  Hence i t  seem s r e a s o n a b le  t o  su p p o se
t h a t  m i lk  powder o f  h ig h  b a c t e r i o l o g i c a l  q u a l i t y  can be co n ­
s i s t e n t l y  p rod u ced .
The u s e  o f  m i lk  powder i n  t h e  p r e p a r a t io n  o f  o t h e r  fo o d  
p r o d u c t s  i s  b ecom in g  o f  i n c r e a s i n g  im p o r ta n c e ,  b u t  i t  i s  e s s e n ­
t i a l  t o  t h e  m a n u fa c tu r e r  o f  a p r o p r ie t a r y  fo o d  p r o d u c t  t h a t  he  
sh o u ld  m a in t a in  a u n iform  q u a l i t y  i n  t h e  p r o d u c t  from  d ay  to
day . In  o r d e r  t o  do t h i s  he  o b v io u s l y  r e q u i r e s  i n g r e d i e n t s  o f
u n v a ry in g  q u a l i t y .  I t  i s  c l e a r  t h e r e f o r e  t h a t  th e  g r a d in g  o f
m i lk  pow ders w ould be  o f  v a lu e  t o  th e  p u r c h a s e r .  M oreover,
th e  p r o v i s i o n  o f  d e f i n i t e  g rad e  s ta n d a r d s  o f  q u a l i t y  would a l s o  
a c t  a s  an in d u cem en t t o  r a i s e  th e  s ta n d a r d s  o f  o p e r a t io n  a t  
many e x i s t i n g  m i l k  d r y in g  p l a n t s .  The v a lu e  o f  su ch  g r a d in g  
has  a lr e a d y  b e e n  a p p r e c ia t e d  in  th e  U n ite d  S t a t e s  where th e  
A m erican Dry M ilk  I n s t i t u t e ^ 4 9 ’ 5 7 ) h a s  s u c c e s s f u l l y  o p e r a te d  
g ra d e s  f o r  skimmed m i lk  powder s i n c e  1 9 30 .
I t  i s  o n ly  in t e n d e d  h e r e  to  m en t io n  b r i e f l y  some o f  th e  
f a c t o r s  w h ich  m ig h t  a f f e c t  th e  b a c t e r i o l o g i c a l  s ta n d a r d s  f o r  
m ilk  p ow d ers. B a c t e r i o l o g i c a l  g r a d e s  sh o u ld  p r o b a b ly  b e  b a sed  
e n t i r e l y  on th e  e x a m in a t io n  o f  th e  f i n a l  p r o d u c t ,  b u t  a s  a 
g e n e r a l  s a f e g u a r d  th e  in com in g  m i l k ,  w hich  s h o u ld  be  f r e s h ,  
c le a n  and f r e e  from  abnormal t a s t e  and s m e l l ,  m ust be  p a s t e u r ­
i s e d ,  p r e f e r a b l y  by th e  h o ld e r  s y s te m ,  a t  a minimum tem p era tu re  
o f  145°P . f o r  a t  l e a s t  h a l f  an h o u r .  I t  m igh t i n  some 
o p e r a t i o n s  b e  s im p le r  t o  " f la s h "  p a s t e u r i s e  th e  m i lk  b u t  th e  
p r o c e s s  m u st  be c o n t r o l l e d  so  t h a t  th e  in co m in g  raw m i l k  or  
p a r t i a l l y  h e a t e d  m i l k  i s  n o t  m ixed  w i t h  t h a t  w h ich  has b een
r en d ered  f r e e  from d i s e a s e - p r o d u c in g  organ ism s by p a s t e u r i s a t i o n .  
Moreover from a c h e m ic a l  p o i n t  o f  v ie w  th e  h e a t  tr e a tm e n t  s h o u ld  
be s u f f i c i e n t  t o  d e s t r o y  any enzymes ( e . g .  l i p a s e )  w hich  m ight  
a d v e r s e ly  a f f e c t  th e  k e e p in g  q u a l i t y  o f  th e  powder.
I t  w ould be  im p o r t a n t ,  i f  g r a d e s  w ere a d o p ted  f o r  sp ra y  
d r ie d  m i l k  p ow d er , t o  s p e c i f y  t h a t  a l l  th e  t e s t i n g  s h o u ld  be  
c a r r i e d  o u t  w i t h in  a d e f i n i t e  t im e  a f t e r  m a n u fa c tu r e ,  s i n c e  a g in g  
s e r i o u s l y  ch a n g es  th e  q u a l i t y .  Three g r a d e s ,  nam ely  F i r s t ,  
Standard  and T h ird  Grade, a r e  i n  o p e r a t io n  i n  th e  U n ite d  S t a t e s  
fo r  d r i e d  m i l k  s o l i d s ,  and t h e  p l a t e  co u n t  a t  37°C . form s th e  
b a s i s  o f  th e  b a c t e r i o l o g i c a l  l i m i t s  o f  th e  g r a d e s .  S im i la r  
s ta n d a r d s  m igh t w e l l  be  ad o p ted  i n  t h i s  c o u n tr y .  In  o r d e r  to 
d e te r m in e  what p e r c e n ta g e  o f  t h e  sa m p le s  w ould f a l l  w i t h i n  th e  
l i m i t s  o f  th e  p l a t e  c o u n t  s p e c i f i e d  by th e  Am erican g r a d e s  and  
w i t h i n  th e  l i m i t s  o f  t h e  same co u n t  e x p r e s s e d  i n  term s o f  th e  
r e d u c t io n  t e s t ,  th e  r e s u l t s  o f  th e  t e s t s  c a r r i e d  o u t  d u r in g  th e  
p r e s e n t  s u r v e y  h ave  b een  c o l l e c t e d  i n  T ab le  22.
I t  w i l l  be  s e e n  from  t h i s  t a b l e  t h a t  36  p e r  c e n t ,  o f  th e  
sam ples  o f  s p r a y  d r i e d  m i l k  powder would f a l l  w i t h i n  th e  A m erican  
F i r s t  G rade, and 48  p e r  c e n t ,  w i t h in  th e  S tan d ard  G rade, w h i l e  
o v er  40  p e r  c e n t ,  w ould be  c l a s s e d  a s  T h ird  Grade. I f  th e  
r e d u c t io n  t im e s  c o r r e sp o n d in g  t o  th e  p l a t e  c o u n t s  w hich  have  
b een  o b t a in e d  from th e  r e g r e s s i o n  e q u a t io n  o f  t h e s e  sam p les  were  
t o  be  u s e d  i n s t e a d  o f  th e  p l a t e  c o u n t s ,  36  p e r  c e n t ,  o f  t h e  
sa m p le s  would be  c l a s s e d  a s  F i r s t  Grade. 54 p e r  c e n t ,  a s  S tandard  
and 4 8  p e r  c e n t ,  a s  T h ird  Grade. I t  w ould a p p e a r ,  t h e r e f o r e ,
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t h a t  th e  r e d u c t i o n  t e s t ,  i f  u s e d  a lo n e  f o r  g r a d in g ,  w ould  
im pose a s l i g h t l y  more s e v e r e  s ta n d a r d  and t h a t  a r e d u c t io n  
t im e  o f  8 hou rs or  more m ig h t  be  ta k en  t o  i n d i c a t e  a powder  
o f  r e l a t i v e l y  good  b a c t e r i o l o g i c a l  q u a l i t y .
PART V . HEAT RESISTANCE OF MILK MICRO-ORGANISMS.
A. H eat R e s i s t a n c e  o f  G en era l F lo r a  o f  M ilk  ( i . e .  Non-
s p o r e f o r m e r s ).
1 . The e f f e c t  o f  th e  r e a c t i o n  (pH) o f  t h e  m ilk  on th e
d e s t r u c t i o n  o f  m i lk  b a c t e r i a  by th e  h e a t  o f  
p a s  t e u r i s a t i o n .
( i )  G en era l c o n s i d e r a t i o n s .
( i i )  E x p e r im en ta l .
( i i i )  D i s c u s s i o n  o f  r e s u l t s .
2 . The e f f e c t  o f  in c r e a s e d  b u t t e r f a t  p e r c e n t a g e  on th e
d e s t r u c t i o n  o f  m i lk  b a c t e r i a  by h e a t .
( i )  G en era l  c o n s i d e r a t i o n s .
( i i )  E x p e r im e n ta l .
( i i i )  D i s c u s s i o n .
B. H eat R e s i s t a n c e  o f  A ero b ic  S p o r e fo r m e r s .
1 . R eview  o f  t h e  l i t e r a t u r e .
2 . S u b s t r a t e  c o n t a i n e r  f o r  h e a t  r e s i s t a n c e  t e s t s .
( a )  G la s s  c a p i l l a r y  tu b e s .
(b )  G la s s  am poules o r  b u lb s .
( c )  G la s s  p a s t e u r  p i p e t t e s .
(d )  T e s t  t u b e s .
3 .  G e n e ra l  h e a t  r e s i s t a n c e  t r i a l s  on a e r o b ic  s p o r e fo r m e r s .
4 .  S p e c i a l  s t u d i e s  on h e a t  r e s i s t a n c e  o f  a e r o b ic  s p o r e ­
fo r m e r s .
P r e p a r a t io n  o f  sp o r e  s u s p e n s i o n s .
( i )  The e f f e c t  o f  t h e  r e a c t i o n  (pH) o f  t h e  s u b s t r a t e  
on t h e  d e s t r u c t i o n  o f  B. s u b t i l i s  by h e a t .
( i i )  The e f f e c t  o f  i n c r e a s e d  b u t t e r f a t  p e r c e n t a g e  on 
th e  d e s t r u c t i o n  o f  B. s u b t i l i s  by h e a t .
( a )  By s u r v i v a l  p e r c e n t a g e  m ethod.
( b )  By p l a t e  c o u n t  method.
8 7 .
PART V. HEAT RESISTANCE OF MILK MICRO­
ORGANISMS .
The l i t e r a t u r e  d e a l in g  w ith  th e  d e s t r u c t i o n  o f  l i v i n g  
m ic r o -o r g a n is m s  b y  h e a t  i s  e x t e n s i v e  ( s e e  r e v ie w s  ( 6 0 )  and ( 6 1 ) ) .  
I t  i s  c l e a r  t h a t  th e  h e a t  r e s i s t a n c e  o f  sp o r e fo rm e r s  i s  a more 
com plex p r o c e s s  th a n  f o r  n o n -s p o r e fo r m e r s ,  and t h a t  t h e  r e s i s ­
ta n c e  o f  b a c t e r i a  t o  h e a t  i s  a f f e c t e d  by a g r e a t  many s u b s i d i a r y  
f a c t o r s ,  a s  f o r  exam ple  th e  c o m p o s it io n  o f  t h e  s u b s t r a t e  i n  w hich  
h e a t i n g  o c c u r s ,  t h e  s t r a i n  and age o f  th e  c u l t u r e ,  and th e  
method o f  h e a t i n g .  Much o f  th e  work r e p o r t e d  h a s  b een  c a r r i e d  
o u t u n d er  w i d e l y  d i f f e r i n g  c o n d i t i o n s  o f  t im e ,  o f  te m p er a tu r e  and 
o f  age  o f  th e  c e l l s ,  and th u s  i t  i s  o f t e n  d i f f i c u l t  to  compare 
one s e t  o f  r e s u l t s  w ith  a n o th e r .
S in c e  th e  t y p e s  o f  b a c t e r i a  w h ich  s u r v iv e  i n  t h e  m an u factu re  
o f  canned  d a ir y  p r o d u c t s  and l a t e r  c a u se  s p o i l a g e  e i t h e r  i n  th e  
can or  on r e c o n s t i t u t i o n  depend to  a  g r e a t  e x t e n t  on t h e i r  h e a t  
r e s i s t a n c e ,  a s tu d y  h a s  b een  made o f  c e r t a i n  a s p e c t s  which m ig h t  
be e x p e c t e d  t o  p r o v id e  in f o r m a t io n  on th e  s u b j e c t .  The work  
has  b een  d i v i d e d  i n t o  i n v e s t i g a t i o n s  on th e  h e a t  r e s i s t a n c e  o f  
(A) th e  g e n e r a l  f l o r a  o f  m i l k ,  i . e .  o f  th e  n o n -s p o r e fo r m e r s  
c h i e f l y  and o f  (B ) a more s p e c i a l i s e d  f l o r a ,  t h e  s p o r e fo r m e r s .
A. H eat r e s i s t a n c e  o f  t h e  g e n e r a l  f l o r a  o f  m i lk  ( c h i e f l y
n o n - s p o r e f o r m e r s ) .
F ore-w arm in g , a s  o u t l i n e d  in  P a r t  I ,  in  some form o r  o th e r  
p r e c e d e s  t h e  m a n u fa c tu re  o f  a l l  canned m i l k s  and m ilk  pow d ers.
T his fo r e -w a rm in g  may be  a s p e c i a l  p r o c e s s ,  or i t  may be  e q u i ­
v a l e n t  t o  p a s t e u r i s a t i o n ,  or i t  may ta k e  p la c e  a t  th e  same tim e  
as c o n d e n s in g ,  b u t  even  i f  t h e  m ethod o f  fo re -w a rm in g  v a r i e s ,  i n  
th e  p r e p a r a t io n  o f  a l l  t h e s e  p r o d u c t s  i t  has  th e  same im p o r ta n t  
f u n c t i o n ,  t h a t  o f  r e d u c in g  th e  i n i t i a l  cou n t o f  th e  in com in g  
m ilk .  I n  t h e  m a n u fa c tu re  o f  sw e e te n e d  c o n d en sed  m i lk  and s p r a y  
d r ie d  m i l k  p o w d er s ,  i t  i s  th e  m ost s i g n i f i c a n t  f a c t o r  i n  th e  
w hole  p r o c e s s  i n  th e  r e d u c t io n  o f  b a c t e r i a .
1 . The e f f e c t  o f  t h e  r e a c t i o n  (pH) o f  th e  m i lk  on th e  d e s t r u c t i o n
o f  m i lk  b a c t e r i a  by t h e  h e a t  o f  p a s t e u r i s a t i o n .
( i )  G en era l  c o n s i d e r a t i o n s .
The im p o rta n ce  o f  the  pH o f  th e  s u b s t r a t e  on th e  r e s i s t a n c e  
t o  h e a t  o f  b a c t e r i a  h a s  l o n g  b een  r e c o g n i s e d ,  and i t s  e f f e c t  on 
th e  d e s t r u c t i o n  o f  t h e  g e n e r a l  f l o r a  o f  m i lk  a t  low te m p er a tu r e s  
has  b e e n  s t u d i e d .  C hick^5 2 ^, f o r  exam ple , fou n d  t h a t  t h e  r a t e  
o f  h e a t  d e s t r u c t i o n  o f  B acter iu m  typhosum s u s p e n s io n s  i n  d i s ­
t i l l e d  v /a ter  was i n c r e a s e d  by th e  a d d i t i o n  o f  s m a l l  q u a n t i t i e s  
o f  a c i d  o r  a l k a l i .  B ig e lo w  and Esty^^*^ a l s o  d e m o n str a te d  th e  
im p o rta n ce  o f  h yd rogen  i o n  c o n c e n t r a t io n  on t h e  r e s i s t a n c e  t o  
h e a t  o f  b a c t e r i a .
I t  i s  g e n e r a l l y  su p p o sed  t h a t  v/hen m i lk  i s  p a s t e u r i s e d  th e  
r e l a t i v e  d e s t r u c t i o n  o f  m ic r o -o r g a n ism s  i s  g r e a t e r  i n  m i l k  o f  
v e r y  h ig h  b a c t e r i a l  c o n t e n t  th a n  i n  m i lk  c o n t a i n i n g  c o m p a r a t iv e ly  
few b a c t e r i a .  Among t h e  f a c t o r s  w h ich  m igh t be r e s p o n s i b l e  fo r  
t h i s  d i f f e r e n c e  i n  p e r c e n t a g e  d e s t r u c t i o n  i t  app eared  p o s s i b l e  
th a t  i n c r e a s i n g  a c i d i t y  ( a s s o c i a t e d  w i t h  b a c t e r i a l  m u l t i p l i c a t i o n )
m ight be  im p o r ta n t .  Moreover i t  seemed l i k e l y  t h a t  t h i s  
f a c t o r  m ig h t  b e  s p e c i a l l y  marked when t h e  m i lk  co n c er n e d  was o f  
th e  r e l a t i v e l y  lo w  q u a l i t y  o c c a s i o n a l l y  u s e d  f o r  m a n u fa c tu r e ,  
such  m i lk  b e in g  e i t h e r  s u r p lu s  to  l i q u i d  r eq u ir em en ts  or  b e in g  
s e p a r a t e d  and t h e r e f o r e  p r o b a b ly  o f  h ig h  c o u n t .  An i n v e s t i g a ­
t i o n  was co n d u cted  to  d e te r m in e  t h e  e f f e c t  o f  a l t e r a t i o n  i n  pH 
on th e  d e s t r u c t i o n  o f  m i lk  b a c t e r i a  by h e a t .
( i i )  E x p e r im e n t a l .
The f o l l o w i n g  e x p e r im e n ts^ 5 4  ^ were c a r r i e d  o u t  on  sa m p le s  
o f  m ixed  m i l k  from  t h e  d i s t r i c t s  w hich  a r e  shown i n  T a b le  23 i n  
o rd er  to  d e te r m in e  w h eth er  a l t e r a t i o n  i n  th e  h yd rogen  io n  co n ­
c e n t r a t i o n  w ou ld  r e s u l t  i n  d i f f e r e n c e s  i n  th e  number o f  b a c t e r i a  
which s u r v iv e d  th e  p r o c e s s  o f  h e a t i n g  f o r  30  m in u te s  a t  145°P .
The sa m p le s  o f  norm al b u lk  raw m ilk  were th o r o u g h ly  m ixed  
and d iv id e d  i n t o  f i v e  p o r t io n s  o f  100 m l. The e x p e r im e n ts  w ere  
c a r r i e d  o u t  on t h i s  m i l k  w ith  i t s  n a t u r a l  f l o r a ,  s o  th a t  t e s t s  
a re  n o t  s u b j e c t  t o  t h e  o b j e c t i o n s  w hich  may be r a i s e d  a g a i n s t  t h e  
u s e  o f  c u l t u r e s  added a r t i f i c i a l l y  to  m i l k  and th en  h e a te d .
One p o r t i o n  o f  ea ch  sa m p le ,  i n d i c a t e d  b y  an a s t e r i s k  i n  
T able  2 3 ,  was n o t  t r e a t e d  i n  any way, b u t  to  t h e  o t h e r  fo u r  
su b sam p les  s m a l l  vo lu m es  o f  N /10  NaOH or  N /10  HC1 w ere added  
s l o w l y  and w i t h  c o n s t a n t  sh a k in g .  A t i t r a t i o n  cu rv e  o f  a 
r e p r e s e n t a t i v e  sam ple o f  m ixed  m i l k ,  show ing  th e  s h i f t  i n  pH 
when an y  g i v e n  q u a n t i t y  o f  a c id  or  a l k a l i  was add ed , was u s e d  as  
a r e f e r e n c e  t o  d e te r m in e  r o u g h ly  t h e  q u a n t i t i e s  r e q u ir e d  f o r  th e  
su b sam p les  i n  o r d e r  t o  o b t a i n  a r e p r e s e n t a t i v e  ran ge  o f  a c i d i t i e s .
TABLE 2 5 .
No. o f  E x p e r i ­ Sub- pH o f Mean v a lu e  o f  •th e  p l a t e  co u n t
ment and s o u r c e sam p le  m i lk  J u s t o f  t h e m ilk
o f  m i l k No. b e fo r e
h e a t in g
B e fo r e  h e a t i n g A f t e r  h e a t i n g
I 1 6 .9 2 1 8 3 ,0 0 0 4 ,1 0 0
S o m e r s e t s h ir e 2* 6 .7 1 1 7 9 ,0 0 0 3 ,5 0 0
3 6 .6 4 2 1 0 ,0 0 0 3 ,6 0 0
4 6 .5 0 1 9 0 ,0 0 0 5 ,3 0 0
5 6 .3 6 1 5 6 ,0 0 0 2 ,3 0 0
I I 1 6 .8 1 1 ,2 4 0 ,0 0 0 2 ,2 5 0
B e r k sh ir e 2 6 .7 4 7 0 0 ,0 0 0 2 ,1 1 0
3* 6 .6 5 1 ,4 6 0 ,0 0 0 1 ,7 5 0
4 6 .4 8 8 2 0 ,0 0 0 2 ,0 0 0
5 6 .3 4 7 8 0 ,0 0 0 1 ,2 0 0
I I I 1 6 .8 5 8 8 0 ,0 0 0 6 7 ,1 0 0
S o m e r s e t s h ir e 2* 6 .7 4 1 ,2 8 0 ,0 0 0 3 0 ,9 0 0
3 6 .5 2 7 8 0 ,0 0 0 9 ,3 0 0
4 6 . 38 1 ,5 1 0 ,0 Q 0 9 ,9 0 0
5 6 .2 4 1 ,1 2 0 ,0 0 0 8 ,8 0 0
IV 1 6 .9 2 3 ,1 2 0 ,0 0 0 1 4 ,4 0 0
S o m e r s e t s h ir e 2* 6 .7 1 3 ,0 2 0 ,0 0 0 9 ,8 0 0
3 6 .6 0 4 ,3 4 0 ,0 0 0 9 ,4 0 0
4 6 .4 4 3 ,6 5 0 ,0 0 0 6 ,9 0 0
5 6 .3 0 3 ,6 1 0 ,0 0 0 9 ,1 0 0
V 1 6 .8 7 1 1 3 ,0 0 0 1 1 ,6 6 0
G lo u c e s t e r s h i r e 2 6 .7 6 8 6 ,0 0 0 5 ,0 2 0
3* 6 .6 4 8 2 ,0 0 0 2 ,1 8 0
4 6 .4 7 7 7 ,0 0 0 220
5 6 .2 7 9 0 ,0 0 0 200
VI 1 6 .9 7 2 ,5 2 0 ,0 0 0 3 3 ,0 0 0
S o m e r s e t s h ir e ‘ 2 6 .7 8 2 ,8 0 0 ,0 0 0 2 0 ,8 0 0
3* 6 .6 0 2 ,9 0 0 ,0 0 0 1 4 ,3 0 0
4 6 .4 7 2 ,2 3 0 ,0 0 0 2 ,6 0 0
5 6 .2 5 2 ,6 0 0 ,0 0 0 2 ,1 0 0
V II 1 6 .9 5 6 ,5 6 0 ,0 0 0 1 2 7 ,2 0 0
S o m e r s e t s h ir e 2* 6 .7 6 6 ,2 1 0 ,0 0 0 2 7 ,4 0 0
3 6 .6 2 5 ,6 2 0 ,0 0 0 6 ,4 0 0
4 6 .5 1 5 ,0 5 0 ,0 0 0 1 ,5 2 0
5 6 .3 1 5 ,4 2 0 ,0 0 0 1 ,2 5 0
V III 1 7 .0 0 3 0 ,5 0 0 1 ,7 7 0
G lo u c e s t e r s h i r e 2 6 .8 5 2 8 ,5 0 0 1 ,0 3 0
3* 6 .6 6 2 2 ,9 0 0 520
4 6 .5 5 2 5 ,9 0 0 310
5 6 .4 1 2 7 ,7 0 0 510
IX 1 6 .7 2 9 ,6 0 0 ,0 0 0 6 ,9 1 0
S o m e r s e t s h ir e 2* 6 .6 5 9 ,0 0 0 ,0 0 0 2 ,2 4 0
5 6 .5 9 8 ,7 0 0 ,0 0 0 1 ,3 3 0
4 6 .4 5 9 ,5 0 0 ,0 0 0 1 ,1 4 0
5 6 .3 7 1 0 .8 0 0 ,0 0 0 730
*  I n d i c a t e s  u n to u ch ed  raw m i l ’:.
9 0 .
The t i t r a t i o n  cu rv e  d id  n o t ,  o f  c o u r s e ,  g i v e  e x a c t  in f o r m a t io n  
f o r  a l l  sam p les  b e c a u s e  o f  v a r i a t i o n s  in  b u f f e r  v a l u e s ,  b u t  i t  
was a u s e f u l  g u i d e .  A f t e r  a d d i t i o n  o f  a c i d  o r  a l k a l i  th e  
sam ples  w ere l e f t  f o r  a t  l e a s t  2 h ou rs  a t  18°C. t o  come to  
e q u i l ib r iu m ,  a f t e r  w h ic h  t h e  pH was d e te r m in e d  by means o f  t h e  
quinh ydrone  e l e c t r o d e .
Im m e d ia te ly  a f t e r  t h e  pH v a l u e s  had b een  a s c e r t a i n e d  t h e  
su b sam p les  w ere  h e a te d  i n  s to p p e r e d  g l a s s  t e s t - t u b e s  a t  145°P .
± 0 . 5 °  f o r  30 m in u te s  by im m ersion  i n  a t h e r m o s t a t .  The tem­
p e r a  tu r e  i n  th e  tu b e s  was c o n t r o l l e d  by o b s e r v in g  a s ta n d a r d  
therm om eter f i x e d  i n  one o f  them. A f t e r  t h i s  p a s t e u r i s a t i o n  
th e  su b sa m p les  were q u i c k l y  c o o le d  and th e  d i l u t i o n s  p l a t e d  i n  
d u p l i c a t e  on m i lk  a g a r .  Each subsam ple  o f  raw m i lk  was a l s o  
p l a t e d  i n  d u p l i c a t e  i n m e d ia t e ly  p r i o r  t o  h e a t i n g .  The p l a t e  
c o u n ts  o f  th e  sa m p le s  b e f o r e  and a f t e r  h e a t  t r e a tm e n t  w ere made 
a f t e r  t h e y  had  b e e n  in c u b a te d  f o r  3 days a t  3 7 ° C . ,  and th e  
r e s u l t s  g i v e n  i n  T a b le  23 a r e  t h e  mean v a lu e s  w hich  w ere ob­
t a i n e d  from t h e  c o u n t s  o f  t h e  d u p l i c a t e  p l a t e s .
( i i i )  D i s c u s s i o n  o f  r e s u l t s .
The r e s u l t s  show t h a t  i n  g e n e r a l  t h e  h e a t  t r e a tm e n t  has  
th e  g r e a t e s t  k i l l i n g  e f f e c t  when t h e  pH i s  l o w e s t ,  i . e .  a s  th e  
a c i d i t y  i n c r e a s e s  t h e  number o f  b a c t e r i a  which s u r v i v e  d e c r e a s e s .  
T h is  a p p ea rs  t o  h o ld  a f t e r  t h e  p r o p e r  a l lo w a n c e  has b een  made 
f o r  sa m p lin g  and o t h e r  e r r o r s  o f  th e  p l a t e  c o u n t ,  t h e  c o u n t s  o f  
th e  raw m i l k  su b sa m p les  s e c u r e d  from any one sam p le  i n d i c a t i n g  
th e  e x t e n t  o f  th e  sa m p lin g  e r r o r .
The d a t a  a r e ,  h ow ev er , n o t  q u i t e  hom ogeneous. In  
E xp erim en ts  I ,  I I  and IV th e  d i f f e r e n c e s  a re  v e r y  s m a l l  h u t  th e  
p l a t e  c o u n t s  show t h e  same g e n e r a l  ten d en cy  to  d e c r e a s e  w i th  
r e d u c t io n  o f  pH. I n  th e  rem a in in g  e x p er im en ts  when t h e  pH 
e x c e e d s  6 . 5  t o  6 . 6  th e  number o f  c o l o n i e s  on t h e  p l a t e s  i s  
n o t a b ly  g r e a t e r  th a n  a t  th e  lo w er  pH v a l u e s .  The i n d i c a t i o n s  
a r e ,  h ow ever , t h a t ,  a lth o u g h  th e  te n d e n c y  i s  f o r  th e  s u r v i v i n g  
b a c t e r i a  t o  d e c r e a s e  i n  numbers a s  th e  pH i s  lo w e r e d ,  a d d i t i o n a l  
f a c t o r s  a l s o  i n f l u e n c e  th e  p e r c e n t a g e  o f  th e  g e n e r a l  f l o r a  w hich  
rem ain  v i a b l e  a f t e r  h e a t i n g ,  s i n c e  a t  any g iv e n  pH v a lu e  th e  
p e r c e n t a g e  d e s t r u c t i o n  v a r i e s  from sam ple t o  sam ple .
T hese  r e s u l t s  do s u g g e s t ,  h ow ever , t h a t  i n  p r e - h e a t i n g  or  
fo r e -w a rm in g  p r o c e s s e s  i n  the e a r l y  s t a g e s  o f  t h e  m a n u fa c tu re  
o f  can n ed  d a i r y  p r o d u c t s  a g r e a t e r  r e d u c t io n  o f  i n i t i a l  c o u n t  
may b e  e x p e c t e d  w i th  th e  more a c id  m i lk s .
2. The e f f e c t  o f  i n c r e a s e d  b u t t e r f a t  p e r c e n t a g e  on th e
d e s t r u c t i o n  o f  m i l k  b a c t e r i a  by h e a t .
( i )  G e n era l c o n s i d e r a t i o n s .
In  a d d i t i o n  t o  t h e  pH o f  t h e  s u b s t r a t e  th e  c o m p o s i t io n  o f  
th e  medium i t s e l f  h a s  b e e n  shown^5 0  ^ t o  b e  an im p o rta n t  f a c t o r  
i n  th e  h e a t  r e s i s t a n c e  o f  m ic r o -o r g a n is m s .  C e r ta in  m edia have  
b een  r e p o r t e d  to  e x e r t  a p r o t e c t i v e  a c t i o n  so  t h a t  th e  k i l l i n g  
e f f e c t  o f  h e a t  i s  r ed u c ed .  Brown and P e i s e r ^ ^  d em o n stra ted  
t h i s  p r o t e c t i v e  a c t i o n  f o r  c e r t a i n  l a c t i c  a c i d  b a c t e r i a  by  
com paring  th e  th erm al d e a th  p o i n t ,  u s in g  10 m in u te  e x p o s u r e s  t o  
d i f f e r e n t  t e m p e r a tu r e s ,  in  cream o f  25 p e r  c e n t ,  b u t t e r f a t
9 2 .
c o n t e n t ,  w h o le  m i l k ,  s e p a r a t e d  m i l k ,  whey and b o u i l l o n .  They 
showed t h a t  th e  te m p era tu re  n e c e s s a r y  t o  d e s t r o y  a l l  th e  
b a c t e r i a  i n  10 m in u te s  was l o w e s t  i n  b r o t h ,  from 2 °  t o  4°C. 
h ig h e r  i n  whey, from  4 °  t o  6°C. i n  s e p a r a t e d  m i lk ,  8°C . i n  m i lk  
and from 1 2 °  to  14°C. h ig h e r  i n  cream. The m i l k  m edia  were a l l  
made from th e  same m i l k  sam ple  and s t e r i l i s e d  i n t e r m i t t e n t l y  i n  
f lo w in g  steam . Brown and P e i s e r  a t t r i b u t e  t h i s  marked i n c r e a s e  
in  t h e  h e a t  r e s i s t a n c e  w ith  th e  d i f f e r e n t  m i lk  m edia  t o  th e  
p r o t e c t i v e  a c t i o n  o f  th e  b u t t e r f a t  a lo n e .
At many s t a g e s  i n  th e  v a r io u s  h e a t  t r e a tm e n ts  o f  canned  
d a ir y  p r o d u c t s ,  t h e r e  i s  a h ig h  b u t t e r f a t  c o n t e n t  i n  th e  p r o d u c t .  
The f a t  c o n t e n t  o f  m i lk  i s  a s  h ig h  as 9 p e r  c e n t ,  i n  th e  vacuum 
pan d u r in g  t h e  m a n u fa c tu re  o f  con d en sed  o r  e v a p o r a te d  m ilk .
There i s ,  m o reo v er ,  from 23 t o  25 p e r  c e n t ,  o f  b u t t e r f a t  i n  
cream d u r in g  fo rew arm in g  f o r  th e  m an u factu re  o f  canned  cream.
I t  was d e c id e d  t h e r e f o r e  to  a t tem p t  t o  co n firm  t h e  f i n d i n g s  o f  
Brown and P e i s e r  by i n v e s t i g a t i n g  t h e  e f f e c t  o f  i n c r e a s e d  f a t  
p e r c e n t a g e  on t h e  d e s t r u c t i o n  b y  h e a t  o f  n o n -s p o r e fo r m in g  
b a c t e r i a  i n  m i lk .
( i i )  E x p e r im e n ta l .
The s u b s t r a t e s  w ere p r e p a r ed  b y  s e p a r a t i n g  f r e s h  m ixed  
m ilk .  The b u t t e r f a t  c o n t e n t s  v a r i e d  s l i g h t l y  w i t h  th e  d i f f e r e n t  
b a t c h e s  o f  m ed ia  p r e p a r ed  and w ere  as f o l l o w s : -
9 3 .
S u b s t r a t e s  B u t t e r f a t  c o n te n t
S e p a r a te d  m i lk  ^  0 . 1 #
Whole m i l k  3 . 8 - 4 #
Cream 1 0 -1 2 #
Cream 2 2 -2 5 #
The pH o f  t h e s e  d i f f e r e n t  m edia  was d e term in ed  b y  th e  q u in -  
hydrone e l e c t r o d e  b e f o r e  and a f t e r  s t e r i l i s i n g .  Prom th e  
exam ples g i v e n  b e lo w  i t  w i l l  b e  s e e n  th a t  th e  d i f f e r e n c e s  b e f o r e
B efo re
s t e r i l i ­
s a t i o n
A f t e r
s t e r i l i ­
s a t i o n
B e fo r e
s t e r i l i ­
s a t i o n
A f t e r
s t e r i l i ­
s a t i o n
S e p a r a te d  m i lk 6 .5 8 6 .3 4 6 .3 5 6 .0 0
Whole m i l k 6 .6 1 6 .3 9 6 .3 2 6 .0 7
Cream (2 4 #  f a t ) 6 .6 8 6 .5 1 6 .6 1 6 .1 1
s t e r i l i s a t i o n  w ere n o t  g r e a t  enough t o  a l l o w  f u r t h e r  a d ju s tm e n t  
and t h a t  a f t e r  s t e r i l i s a t i o n  t h e  d i f f e r e n c e s  i n  pH d id  n o t  
e x c e e d  a pH o f  0 . 2 .  Hence i n  th e  range o f  m edia u s e d  th e  pH 
o n ly  v a r i e d  v e r y  s l i g h t l y ,  and s i n c e  t h e  pH o f  t h e  m edia r o s e  a s  
th e  f a t  p e r c e n t a g e  i n c r e a s e d  any change i n  th e  pH o f  th e  cream  
would o p e r a t e  i n  fa v o u r  o f  s l i g h t l y  g r e a t e r  h e a t  r e s i s t a n c e .
A l l  t h e  m edia w ere  h o m o g en ised , s i n c e  t h i s  was d e s i r a b l e  f o r  th e  
cream sa m p les  and was e q u i v a l e n t  t o  t h e  c o n d i t i o n s  w h ich  would  
p r e v a i l  i n  m a n u fa c tu r in g ,  and th e y  w ere s t e r i l i s e d  i n  b u lk  by
s tea m in g  on t h r e e  s u c c e s s i v e  d ays a t  100°C. f o r  30 m in u te s .
Pour n o n - s p o r e f o n n in g  c u l t u r e s ,  Nos. 1 5 ,  1 7 ,  31 and 3 3 ,  
which were s p e c i e s  o f  th e  genus ' E s c h e r i c h i a ’ s i m i l a r  t o  some 
o f  t h e  o r g a n ism s  u s e d  h y  Brown and P e i s e r  and w h ich  p ro d u ced  an 
a c id  and g a s s y  c l o t  i n  l i t m u s  m i l k ,  were grown s e p a r a t e l y  on 
s e v e r a l  s ta n d a r d  a g a r  s l a n t s .  In  a d d i t i o n  2 c u l t u r e s ,  No. 63 
o f  S. th e r m o p h ilu s  and No. 10 6  o f  S. d u ra n s , b o th  o f  w hich  p r o ­
duced a c id  c o a g u l a t i o n  i n  m i lk ,  w ere  u s e d .  A s u s p e n s io n  was 
p rep a red  o f  ea ch  o f  t h e  6 c u l t u r e s  exam ined b y  w ash in g  t h e  
grow th , a f t e r  2 d a y s '  in c u b a t io n  a t  3 7 ° C . , o f f  t h e  s l a n t s  w i t h  
s t e r i l e  d i s t i l l e d  w a te r .  The s u s p e n s io n  was sh a k en  th o r o u g h ly  
i n  a screw  capped  b o t t l e  i n  w hich  g l a s s  b ea d s  were u s e d  t o  
a s s i s t  i n  b r e a k in g  up the  c lu m p s, and was f i l t e r e d  th ro u g h  
s t e r i l e  c o t t o n  w oo l and a f i l t e r  p a p er  t o  remove any r em a in in g  
c lum ps. An e q u a l  volum e o f  th e  s u s p e n s io n  was added t o  200 m l. 
o f  skimmed m i l k ,  m i lk  and cream o f  10  p e r  c e n t ,  b u t t e r f a t .
Cream s u b s t r a t e  c o n t a i n i n g  23 p e r  c e n t ,  b u t t e r f a t  was d i f f i c u l t  
to  p i p e t t e  i f  i t  was n o t  u se d  a lm o s t  im m e d ia te ly ,  s i n c e  i t  
underw ent a g e  t h i c k e n i n g ,  and i t  was o n ly  u se d  i n  t h i s  ex p er im en t  
f o r  C u l t u r e s  N os. 63 and 106 . A f t e r  th o ro u g h  sh a k in g  th e  
sam ples  w ere  p l a t e d  on m i l k  a g a r  and 1 m l. amounts o f  t h e  i n o ­
c u l a t e d  s u b s t r a t e s  w ere f i l l e d  i n t o  s m a l l  r e s i s t a n t  g l a s s  t e s t  
tu b e s  and h e a t e d  i n  t r i p l i c a t e  o r  q u a d r u p l ic a t e  i n  a therm o­
s t a t i c a l l y  c o n t r o l l e d  g l y c e r i n e  b a th  ( s e e  P a r t  V ( B ) ,  page 9 9 ,  
f o r  d i s c u s s i o n  on c o n t a i n e r  and m ethod a d o p ted  f o r  h e a t  r e s i s ­
ta n c e  s t u d i e s ) .  T hree c u l t u r e s ,  N os. 3 3 ,  63 and 106 w ere
exposed  f o r  10 m in u te s  a t  d i f f e r e n t  tem p era tu res  w h i le  t h e  o t h e r  \ 
th ree  c u l t u r e s  w ere h e l d  a t  60°C. f o r  d i f f e r e n t  l e n g t h s  o f  t im e .
In ea ch  e x p e r im e n t  2  m in u te s  were a llo w e d  t o  l a p s e  b e fo r e  
r e c o r d in g  t h e  commencement o f  h e a t i n g .  A f t e r  h e a t i n g  th e  tu b e s
were im m e d ia te ly  c o o l e d  i n  c o ld  w a t e r ,  and t h e y  w ere th en
o  f*
in c u b a te d  a t  37  C. I n s p e c t i o n  o f  th e  m edia a f t e r  in c u b a t io n
showed v /h eth er  b a c t e r i a  had s u r v iv e d  h e a t in g .
( i i i )  D i s c u s s i o n .
The r e s u l t s  a r e  g iv e n  i n  T a b le  24 (A) and (B ) .  The p l a t e  
cou n ts  o f  th e  o r i g i n a l  in o c u l a t e d  s u b s t r a t e s  b e f o r e  h e a t in g  were  
very  s i m i l a r  so  t h a t  i t  i s  u n l i k e l y  th a t  any d i f f e r e n c e s  i n  
h e a t  r e s i s t a n c e  b e tw een  them c o u ld  b e  a t t r i b u t e d  to  d i f f e r e n c e s  
in  th e  number o f  o rg a n ism s  p r e s e n t .  The r e s u l t s  o f  b o th  
i n c r e a s i n g  th e  te m p er a tu r e  o f  h o ld in g  f o r  a f i x e d  t im e  (A) or  
i n c r e a s in g  t h e  t im e  o f  h o ld in g  a t  a f i x e d  te m p era tu re  (B ) w ere  
n o t ,  from th e  somewhat i n c o n s i s t e n t  r e s u l t s ,  a b s o l u t e l y  u n ifo r m .  
Even s o ,  i t  i s  c l e a r  t h a t  t h e  i n c r e a s e  o f  b u t t e r f a t  had n o t  
in c r e a s e d  th e  r e s i s t a n c e  o f  th e  m ic r o -o r g a n is m s  t o  h e a t  t o  any  
g r e a t  e x t e n t ;  i n  f a c t  th e  te n d e n c y  i n  a few  i n s t a n c e s  was f o r  
th e  h e a t  r e s i s t a n c e  t o  b e  s l i g h t l y  l e s s  i n  cream.
B. Heat r e s i s t a n c e  o f  a e r o b ic  s p o r e f o r m e r s .
! •  R eview  o f  th e  l i t e r a t u r e .
The d i f f i c u l t i e s  o f  i n v e s t i g a t i o n s  i n t o  the r e s i s t a n c e  o f  
b a c t e r i a  t o  h e a t  a r e  i n t e n s i f i e d  when th e  o rg a n ism s  u n d er  c o n ­
s i d e r a t i o n  a r e  i n  th e  form  o f  s p o r e s .  In  work o f  t h i s  ty p e  a 
g r e a t  v a r i e t y  o f  f a c t o r s  a re  i n v o l v e d  and when any one o f  t h e s e
P la t e  c o u n t  o f  
in o c u l a t e d  su b ­
s t r a t e  b e f o r e  
h e a t in g
Tem peratures  
o f  10 m in u te  








TABLE 2 4 .
B a c t e r i a l  r e s i s t a n c e  to  h e a t  i n  m i lk  s u b s t r a t e s  o f  i n c r e a s i n g  b u t t e r f a t  p e r c e n t a g e .
1
S u b s t r a t e
Skimmed 
m ilk  
M ilk  3.8?  
Cream 10?
(A) F ix e d  t im e ,  v a r i a b l e  tem p eratu re  
C u ltu r e  S u b s t r a t e  C u ltu re
N o .33 N o .63
2 ,2 6 0 ,0 0 0
2 ,2 8 0 ,0 0 0
2 ,6 2 0 ,0 0 0
Skimmed 
m ilk  
M ilk  4.1% 
Cream 12% 
Cream 22$
1 2 ,0 0 0
1 4 ,1 0 0
1 3 ,2 0 0
1 4 ,3 0 0
S u b s t r a t e  C u ltu r e  
No. 106
Skimmed
m i l k  1 ,4 5 0 ,0 0 0  
M ilk  4 . 1 $  1 ,5 8 0 ,0 0 0  
Cream 12$ 1 ,3 9 0 ,0 0 0  
Cream 22$ 1 ,8 3 0 ,0 0 0
(B ) F ix e d  t e m p e r a tu r e ,  v a r i a b l e  tim e  
S u b s t r a t e  C u ltu r e
No. 15 No. 17 No. 31
8kimmed
m i l k  ^ 4 9 ,0 0 0  5 1 ,0 0 0  3 ,5 6 0 ,0 0 0  
M ilk  3 .8 $  4 5 ,0 0 0  6 2 ,0 0 0  3 ,4 0 0 ,0 0 0  
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M i l i
Cream 12$  
Cream 22 $
S k i v e d









m il k  
M ilk
Cream 12$  
Cream 22$
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m ilk  
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Cream 12$  
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20 m in s .
25 m in s .
30  m in s .
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i s  b e i n g  s t u d i e d  t h e  o t h e r s  m ust be  r i g i d l y  c o n t r o l l e d  and  
s t a n d a r d i s e d .  The w h o le  p r o b le m , t o o ,  i s  o f t e n  c o n f u s e d  f u r t h e r  
b y  t h e  dormancy o r  d e l a y  i n  g e r m in a t io n  o f  t h e  s p o r e s  t h e m s e lv e s  
a f t e r  t h e y  h ave  b e e n  h e a t e d  u n d er  th e  e x p e r im e n t a l  c o n d i t i o n s ,  so  
t h a t  e v e n  t h e  num bers o f  s u r v i v i n g  s p o r e s  a r e  o f t e n  m asked.
T h ese  v a r i o u s  d i f f i c u l t i e s  w i l l  b e  b e t t e r  i l l u s t r a t e d  b y  r e ­
f e r r i n g  b r i e f l y  t o  some o f  th e  more im p o r t a n t  p u b l i c a t i o n s  w h ich  
h a v e  a l r e a d y  a p p e a r e d  on t h i s  s u b j e c t .
/  Cf \
B ig e lo w  and  E s t y v ' w ere p r o b a b ly  among t h e  e a r l i e s t  to  
exam in e  th e  h e a t  r e s i s t a n c e  o f  s p o r e s  e x t e n s i v e l y .  I n  t h i s  
c o n n e x io n  t h e y  show ed w i t h  s t u d i e s  on a t h e r m o p h i l i c  a e r o b i c  
s p o r e f o r m e r  t h e  im p o r ta n c e  o f  h y d r o g e n  i o n  c o n c e n t r a t i o n  and o f  
t h e  c o n c e n t r a t i o n  o f  s p o r e s .  Much work on C. b o t u l i n u s  and  
a l l i e d  a n a e r o b e s  f o l l o w e d  a n d  i t  was dem onstrated^® ®^ t h a t  t h e  
m ed ia  i n  w h ic h  t h e  s p o r e s  d e v e lo p e d ,  t h e  a g e  o f  th e  s p o r e s ,  t h e i r  
c o n c e n t r a t i o n  a n d  t h e  pH and s a l t  c o n c e n t r a t i o n  o f  th e  s u b s t r a t e  
a l l  a f f e c t e d  t h e  th e r m a l  d e a th  r a t e .
Burke^®*^ show ed t h a t  i n d i v i d u a l  s p o r e s  o f  C. b o t u l i n u s  
m ig h t  v a r y  i n  t h e  t im e  r e q u ir e d  f o r  g e r m in a t io n  and  t h a t  th e y  
m ig h t  g e m i n a t e  q u i c k l y  or  l i e  dorm ant f o r  l o n g  p e r i o d s  a f t e r  
h e a t i n g .  I t  was a l s o  shown t h a t  c u l t u r e s  h e a t e d  f o r  p e r i o d s  up 
t o  a  g i v e n  t e m p e r a tu r e  a l l  grew  u n i f o r m l y  w hen i n c u b a t e d  un der  
f a v o u r a b l e  c o n d i t i o n s ,  b u t  i f  h e a t e d  f o r  l o n g e r  p e r i o d s ,  when  
s i n g l e  t u b e s  w ere  u s e d ,  t h e  r e s u l t s  w ould  b e  i r r e g u l a r  and i n ­
c o n s i s t e n t .  Thus s p o r e  s u s p e n s i o n s  i n  a s i n g l e  t u b e  s e r i e s  t h a t  
had b e e n  t r e a t e d  f o r  a t im e  f a r  i n  e x c e s s  o f  t h o s e  i n  w h ic h
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u n ifo r m  g r o w th  had  b e e n  o b s e r v e d  m ig h t  c o n t a i n  v i a b l e  o r g a n is m s ,  
e v e n  th o u g h  s e v e r a l  t u b e s  i n  b e tw e e n  were fo u n d  t o  be  s t e r i l e .  
T h ese  s o - c a l l e d  " s k ip s "  w ere  a t  f i r s t  th o u g h t t o  b e  due t o  f a u l t y  
t e c h n iq u e  b u t  w ere  l a t e r  a c c o u n te d  f o r  on  t h e  g ro u n d s  o f  v a r i a ­
t i o n  i n  t h e  r e s i s t a n c e  o f  i n d i v i d u a l  s p o r e s .  E s t y  and W i l l i  fiiSP 
t h e r e f o r e  s u g g e s t e d  a m u l t i p l e  tu b e  m ethod f o r  r e c o r d i n g  the  
h e a t  r e s i s t a n c e  and s t a t e d  t h a t  b y  u s i n g  3 0  t u b e s  o f  t h e  same 
s u s p e n s i o n  h e a t e d  f o r  a t  l e a s t  4  d i f f e r e n t  t im e s  a t  a  f i x e d  
te m p e r a tu r e  a l o g a r i t h m  c h a r t  c o u ld  b e  p r e p a r e d  from  v/hich i t  
was p o s s i b l e  t o  p r e d i c t  th e  r e s i s t a n c e  o f  th e  s p o r e s  when one  
f a c t o r  was v a r i e d .  They d e m o n s tr a te d  th e  u s e f u l n e s s  o f  su c h  a  
m ethod i n  t h e  c o n t r o l  o f  C. b o t u l i n u s . The work on  t h e  
dormancy o f  t h i s  o r g a n is m  was e x t e n d e d  t o  show t h a t  " s k ip s "  d id  
n o t  dep en d  o n l y  on h e a t  t r e a t m e n t  b u t  t h a t  d e l a y e d  g e r m in a t io n  
c o u ld  m ask t h e  s u r v i v a l  f i g u r e s  and t h a t  su d d en  c h a n g e s  i n  
t e m p e r a tu r e  o r  a g i t a t i o n  a c c e l e r a t e d  g e r m in a t io n  a f t e r  h e a t  
t r e a t m e n t .  D ic k s o n  e t  a l . i n  p o i n t i n g  t h i s  o u t  a l s o  s t a t e d  
t h a t  t h e  h e a t  r e s i s t a n c e  was g r e a t e s t  i n  b r o t h  w h ich  was 
c o v e r e d  w i t h  a  t h i n  l a y e r  o f  o i l .
The h e a t  r e s i s t a n c e  o f  B. s u b t l l i s  and o t h e r  common a e r o b i c  
s p o r e f o r m e r s  i n c l u d i n g  B. c e r e u s , B. m y c o id e s  and B. m e s e n t e r l c u s  
was i n v e s t i g a t e d  b y  V f i l l ia m s ^ ® ^ .  He fo u n d  t h a t  t h e  r e s i s t a n c e  
o f  s p o r e s  v a r i e d  a c c o r d in g  t o  t h e  k in d  o f  m ed ia  on  w h ich  th e y  
w ere p r o d u c e d  and  w i t h  th e  t e m p e r a tu r e  o f  c u l t i v a t i o n ,  b u t  t h a t  
dormancy was p r a c t i c a l l y  n o n - e x i s t a n t , s i n c e  o n l y  4  o u t  o f  a 
t o t a l  o f  3 , 4 4 2  t u b e s  w h ich  h e  t e s t e d  f a i l e d  t o  d e v e lo p  u n t i l
a f t e r  th e  e i g h t h  day o f  i n c u b a t i o n .  S o m m e r ^ a i m e d  a t  
e s t a b l i s h i n g  a s t a n d a r d  p r o c e d u r e  f o r  th e  m ass  p r o d u c t i o n  o f  h e a t  
r e s i s t a n t  C. b o t u l i n u s  s p o r e s ,  and h a v in g  d e v e lo p e d  r e s i s t a n t  
s p o r e s  h e  s o u g h t  to  d e te r m in e  a t e c h n iq u e  f o r  k e e p in g  them  
u n i f o r m ly  r e s i s t a n t .  The r e s u l t s  o f  s e v e r a l  o t h e r  w o r k e r s  w ere  
r e v ie w e d  b y  h im  and o f  t h e s e  t h e  s t u d i e s  o f  M a g o o n ^ ^ ’ ^ ^  s h o u ld  
b e  p a r t i c u l a r l y  n o t e d .  Magoon i n v e s t i g a t e d  s e v e r a l  d i f f e r e n t  
t y p e s  o f  s p o r e f o r m e r s ,  am ongst w h ic h  w ere i n c l u d e d  t h e  a e r o b i c  
s p o r e f o r m in g  b a c t e r i a .  He c o n c lu d e d  t h a t  a s c o r e  o f  f a c t o r s ,  
many o f  them unknown, a f f e c t e d  t h e  d e v e lo p m e n t  o f  h e a t  r e s i s t a n t  
s p o r e s ,  and t h a t  t h e r e  was n o  d e f i n i t e  r e g u l a r i t y  o f  b e h a v io u r  
f o r  d i f f e r e n t  l o t s  o f  s p o r e s  u n d e r  t h e  m eth od s  o f  s t o r a g e  w h ich  
he i n v e s t i g a t e d .  W i l l i a m s ^ ^ ^  h a s  a t t e m p te d  more r e c e n t l y  t o  
i n c r e a s e  t h e  h e a t  r e s i s t a n c e  o f  s p o r e s  b y  s e l e c t i n g  s i n g l e  c e l l s  
o f  3 a n a e r o b ic  and 3 a e r o b i c  s p o r e f o r m e r s .  He w a s ,  h o w ev er ,  
o n l y  a b l e  t o  show a s i g n i f i c a n t  i n c r e a s e  w i t h  B. m y c o id e s . He 
a l s o  n o t i c e d  t h e  " s k ip  s t o p "  phenomena w i t h  o n e  o f  t h e  a n a e r o b ic
s p o r e f o r m e r s  w h ic h  h e  ex a m in ed .
( 2 1 )M o r r iso n  and R e t t g e r '  '  fo u n d  t h a t  t h e  h e a t  r e s i s t a n c e  
and dorm ancy o f  2 s t r a i n s  o f  b a c t e r i a ,  w h ich  h a v e  a l r e a d y  b e e n  
r e f e r r e d  t o  a s  t h e  c a u s e  o f  s p o i l a g e  i n  e v a p o r a t e d  m i l k ,  w ere  
v a r i a b l e  when t h e  s p o r e s  w ere  h e a t e d  i n  w a te r  and s u b c u l t u r e d  
i n  p l a i n  n u t r i e n t  b r o t h .  H ow ever, when th e  s p o r e s  w ere  h e a t e d  
i n  e v a p o r a t e d  m i l k  w i t h  o r  w i t h o u t  s u b c u l t u r i n g  t h e  r e s u l t s  w ere  
r e g u l a r  and no dorm ancy was r e c o r d e d ,  v/hich s u g g e s t e d  t h a t  
■unfavourable  e n v ir o n m e n t  was t h e  c o n t r o l l i n g  f a c t o r .  They
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exam ined^  ^ t h e  r e l a t i o n s h i p  o f  s p o r e  g e r m in a t io n  t o  e n v i r o n ­
m ent f u r t h e r ,  and fo u n d  t h a t  some o r g a n is m s ,  e . g .  B. s u b t i l i s  
and p r o b a b ly  B. c e r e u s  and B. v u l g a t u s . d i s p l a y e d  no d e la y e d  
g e r m i n a t i o n ,  b u t  B. m egath er iu m  b e h a v e d  w i t h  i n e x p l i c a b l e  i d i o ­
s y n c r a s i e s  i n  c e r t a i n  m e d ia ,  and t h e  s t r a i n s  w hich  t h e y  had  
i s o l a t e d  from  m i l k  s p o i l a g e  show ed marked p e c u l i a r i t i e s  i n  
r e q u ir e m e n t s  f o r  g e r m in a t io n  i n  d i f f e r e n t  m e d ia .
C u r r a n ^ ^  i n v e s t i g a t e d  t h e  i n f l u e n c e  o f  e n v ir o n m e n t a l  
f a c t o r s  on t h e  th e r m a l  r e s i s t a n c e  o f  s p o r e s  o f  B. c e r e u s  i s o l a t e d  
from  d e f e c t i v e  e v a p o r a t e d  m i lk  and c o n c lu d e d  t h a t  t h e  r e s i s t a n c e  
o f  s p o r e s  i s  n o t  a f i x e d  p r o p e r t y  and t h a t  t h e  d i r e c t i o n  and  
e x t e n t  o f  t h i s  c h a n g e  i s  l a r g e l y  d e te r m in e d  b y  a number o f  
p h y s i c a l  and c h e m ic a l  f o r c e s  o p e r a t i n g  o u t s i d e  t h e  c e l l  a s ,  f o r  
e x a m p le ,  t e m p e r a tu r e  o f  s t o r a g e  and d r y n e s s .
I t  was th o u g h t  t h e r e f o r e  t h a t ,  b e f o r e  a t t e m p t i n g  any  
s p e c i a l  s t u d i e s  o f  t h e  f a c t o r s  a f f e c t i n g  t h e  h e a t  r e s i s t a n c e  o f  
th e  s p o r e f o r m e r s  i s o l a t e d  from  can n ed  m i l k  and cream , i t  w o u ld  
b e  a d v i s a b l e  t o  o b t a i n  some g e n e r a l  and a p p r o x im a te  i n f o i r n a t i o n  
on t h e i r  h e a t  r e s i s t a n c e ,  when c e r t a i n  p e c u l i a r i t i e s  o f  b e h a v i o u r ,  
a s  f o r  i n s t a n c e  dorm ancy, m ig h t  becom e a p p a r e n t  w h ich  w ou ld  
m o d if y  f u r t h e r  e x p e r im e n t s .  At t h i s  s t a g e  t h e  c h o i c e  o f  co n ­
t a i n e r  f o r  t h e  h e a t  r e s i s t a n c e  t e s t s ,  t o  w h ich  r e f e r e n c e  h a s  
a l r e a d y  b e e n  m ade, w i l l  b e  c o n s i d e r e d .
2 . S u b s t r a t e  c o n t a i n e r  f o r  h e a t  r e s i s t a n c e  t e s t s .
The c o n t a i n e r  i n  w h ic h  i n o c u l a t e d  s u b s t r a t e  may b e  h e a t e d  
p r e s e n t s  c e r t a i n  p r o b le m s  o f  t e c h n i q u e .  The d i f f i c u l t i e s
c o n n e c t e d  w i t h  th e  c h o i c e  o f  a c o n t a i n e r  a r e  p a r t i c u l a r l y  
e v i d e n t  a t  t h e  h ig h  te m p e r a tu r e s  w h ich  a r e  em ployed  f o r  t h e  
a e r o b i c  s p o r e f o r m e r s  and when m i l k  o r  cream a r e  u s e d  a s  t h e  
s u b s t r a t e .  The p o i n t s  o f  im p o r ta n c e  i n  c o n n e x io n  w i t h  t h e  c o n ­
t a i n e r  a r e :
( i )  T h a t i t  s h o u ld  b e  c o n s t r u c t e d  s o  t h a t  t h e  t im e  n e c e s s a r y  
f o r  t h e  c o n t e n t s  t o  r e a c h  t h e  same t e m p e r a tu r e  a s  t h e  l i q u i d  
i n  th e  b a t h  i s  r e d u c e d  t o  a  m inimum.
( i i )  T h a t  fe w  b r e a k a g e s  s h o u ld  o c c u r  d u r in g  o p e r a t i o n .
( i i i )  T hat i t  s h o u ld  b e  e a s y  t o  f i l l  w i t h  s u b s t r a t e ,  o r  i f  t h e  
s u b s t r a t e  h a s  b e e n  s t e r i l i s e d  i n s i d e  t h e  c o n t a i n e r  i t  s h o u ld  b e  
s im p le  t o  i n o c u l a t e  i t  q u i c k l y .
( i v )  T h a t  t h e  e x a m in a t io n  f o r  s p o r e  g e r m in a t io n  a f t e r  h e a t i n g  
s h o u l d  b e  s im p le  and th e  p o s s i b i l i t i e s  o f  c o n t a m in a t io n  o f  th e  
s u b s t r a t e  when t r a n s f e r r e d  t o  o t h e r  m ed ia  be  n e g l i g i b l e .
A v a r i e t y  o f  c o n t a i n e r s  h a s  b e e n  s u g g e s t e d  and t h e  f o l l o w i n g  
h a v e  b e e n  t r i e d :
( a )  G la s s  c a p i l l a r y  t u b e s . I n  t h e s e  t h e  t e m p e r a tu r e  l a g  i n  
h e a t i n g  t h e  s u b s t r a t e  was o b v i o u s l y  v e r y  s m a l l ,  b u t  i n  p r a c t i c e  
t h i s  a d v a n ta g e  was o u t w e ig h e d  by c e r t a i n  o t h e r  f a c t o r s .  I t  was 
fo u n d ,  f o r  e x a m p le ,  t h a t  l a r g e  numbers o f  c a p i l l a r y  t u b e s  b r o k e  
or  l e a k e d  when i n t r o d u c e d  i n t o  t h e  h o t  b a t h  and t h a t  e v e n  i f  t h e  
c a p i l l a r y  t u b e s  s u r v i v e d  h e a t i n g  th e  t r a n s f e r  o f  t h e  h e a t e d  
m a t e r i a l  i n t o  m e d ia  f o r  i n c u b a t i o n  w i t h o u t  i n t r o d u c i n g  o u t s i d e  
c o n t a m in a t io n  was d i f f i c u l t .  T h is  p r o b le m  was p a r t i c u l a r l y  
e v i d e n t  when t h e  m i l k  m e d ia  c l o t t e d  a t  some o f  t h e  h i g h
t e m p e r a t u r e s .  I n  a d d i t i o n  t h i c k  cream  c o u ld  n o t  r e a d i l y  he  
drawn up i n t o  th e  c a p i l l a r i e s .
( b )  G la s s  am p ou les  or  b u l b s . A m poules o f  g l a s s  s u f f i c i e n t l y  
r e s i s t a n t  to  w i t h s t a n d  a u t o c l a v i n g  and h e a t i n g  w i t h o u t  breakdow n  
w ere  n o t  o n l y  d i f f i c u l t  to  s e a l  q u i c k l y  b u t  w ere a l s o  d i f f i c u l t  
t o  b r e a k  o p en  f o r  t r a n s f e r e n c e  o f  t h e  c o n t e n t s  i n t o  m e d ia .
S m a ll  am p ou les  w ere  d e s i r a b l e  s o  t h a t  t h e  h e a t i n g  l a g  w o u ld  b e  
s h o r t ,  and c o n s e q u e n t l y  t h e  am p ou les  w ere  narrow  n eck ed  and  
o n ly  p a s t e u r  p i p e t t e s  c o u ld  b e  u s e d  f o r  f i l l i n g  th em , and a g a in  
i t  was n o t  e a s y  t o  do t h i s  when t h e  s u b s t r a t e  was cream .
( c )  G la s s  p a s t e u r  p i p e t t e s  w ere  u s e d  a s  f o l l o w s .  The i n o c u l a ­
t e d  s u b s t r a t e  was drawn up i n t o  t h e  p i p e t t e  w h ich  was th e n  
s e a l e d  a t  b o t h  e n d s .  I f  p i p e t t e s  w ere  u s e d  w h ich  had a  w id e  
t i p ,  cream  c o u l d  b e  drawn up r e a d i l y  b y  t h i s  m eth o d . T h ese  
c o n t a i n e r s  h a v e  t h i c k e r  g l a s s  w a l l s  th a n  t h e  tw o  a l r e a d y  men­
t i o n e d ,  and h e n c e  t h e r e  w ou ld  b e  a g r e a t e r  t e m p e r a tu r e  l a g  i n  t h e  
h e a t i n g  o f  t h e  s u b s t r a t e .  I t  was fo u n d  h o w ever  t h a t ,  a l t h o u g h  
th e  f i l l i n g  was s i m p l i f i e d ,  t h e  b r e a k a g e s ,  w h ich  a n o u n ted  t o  
a b o u t  3 0  p e r  c e n t . , w ere  s o  h i g h  t h a t  t h i s  c o n t a i n e r  c o u ld  n o t
b e  em p lo y ed  s a t i s f a c t o r i l y .
I f  o n l y  a f e w  h e a t  r e s i s t a n t  t e s t s  had b e e n  r e q u i r e d  
p r o b a b ly  an y  o f  t h e s e  c o n t a i n e r s  c o u ld  h ave  b e e n  u s e d  s u c c e s s ­
f u l l y ,  b u t  a s  l a r g e  num bers w ere  u s u a l l y  n e c e s s a r y  a  m ethod  
w h ic h  i n v o l v e d  f r e q u e n t  b r e a k a g e s  d i d  n o t  seem  p r a c t i c a l .  Hence  
a f u r t h e r  m ethod  was e x p l o r e d  i n  w h ich  u s e  was made o f  s p e c i a l  
t e s t  t u b e s .
( d )  T e s t  t u b e s . Narrow t u b e s  w h ich  had b e e n  s e a l e d  a f t e r  
th e  i n t r o d u c t i o n  o f  t h e  i n o c u l a t e d  s u b s t r a t e  h a v e  b e e n  u s e d  
s u c c e s s f u l l y  b y  s e v e r a l  w ork ers  and th e  c o n t a i n e r  f i n a l l y  
a d o p te d  i n  t h i s  s t u d y  was a t e s t  tu b e .  The t e c h n iq u e  o f  f i l l i n g  
th e  t u b e s  was i n  g e n e r a l  s i m i l a r  t o  t h a t  a d v o c a t e d  b y  B ig e lo w  
and Esty^®5 ) .
U s u a l l y  a l a r g e  b u l k  o f  s u b s t r a t e  was i n o c u l a t e d  w i t h  th e  
t e s t  c u l t u r e ,  e x c e p t  i n  th e  t r i a l  t e s t s  on t h e  s p o r e f o r m e r s  when  
th e  s u b s t r a t e  c o n t a i n e d  i n  t h e  t u b e s  was i n o c u l a t e d  d i r e c t l y  from  
th e  c u l t u r e .  1 m l.  amounts o f  t h e  i n o c u l a t e d  s u b s t r a t e  w ere  
t r a n s f e r r e d  a f t e r  th o r o u g h  s h a k in g  b y  p i p e t t i n g  i n t o  s m a l l
r i m l e s s  t e s t  t u b e s ,  w h ich  w ere  made o f  h a r d  r e s i s t a n t  g l a s s .
7  »»The t u b e s  w ere  3" l o n g  and had an e x t e r n a l  d ia m e t e r  o f  / lq , and
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an i n t e r n a l  d ia m e t e r  o f  %  . The tu b e s  w ere  p r e v i o u s l y  
s t e r i l i s e d  and p l u g g e d  w i t h  c o t t o n  w o o l ,  b u t  a f t e r  f i l l i n g  w ere  
t i g h t l y  c o r k e d  b y  r u b b er  b u n g s ,  w h ic h  had b een  w rapped  s e p a r a t e l y  
i n  g r e a s e - p r o o f  p a p e r  and  s t e r i l i s e d  i n  th e  a u t o c l a v e  i n  K i ln e r  
j a r s  b e f o r e  u s e .  The r u b b er  bung u s u a l l y  e x t e n d e d  down i n t o  
th e  tu b e  f o r  a t  l e a s t  The tu b e s  c o n t a i n i n g  s u b s t r a t e  w ere
p l a c e d  i n  a  s m a l l  m e t a l  clam p w h ich  was s c r e w e d  down s o  t h a t  
th e  bung w o u ld  c o n t in u e  t o  f i t  t i g h t l y  e v e n  when e x p o s e d  to  
h ig h  t e m p e r a t u r e s .
T h e se  s m a l l  t u b e s  f u l f i l l e d  t h e  r e q u ir e m e n t s  f o r  a  s u i t a b l e  
c o n t a i n e r ,  s i n c e  b r e a k a g e s  w ere  n o t  v e r y  g r e a t .  Su ch  b r e a k a g e s  
as  d i d  o c c u r  w ere  m a in ly  w i t h  new b a t c h e s  o f  g l a s s w a r e  o r  w ere  
c a u s e d  b e f o r e  h e a t i n g  when t h e  t u b e s  w ere  b e in g  b u n g ed . L arge
num bers of" t u b e s  c o u l d  b e  f i l l e d  q u i c k l y  w i t h  a p p r o x im a t e ly  e q u a l  
vo lu m es  o f  s u b s t r a t e ,  so  t h a t  i f  t h e  s u b s t r a t e  was i n o c u l a t e d  i n  
b u lk  t h e  number o f  o r g a n ism s  i n  e a c h  tu b e  w ould  b e  u n ifo r m .
A f t e r  h e a t i n g  t h e  t u b e s  c o u ld  b e  i n c u b a t e d  d i r e c t l y  s o  t h a t  
o b s e r v a t i o n s  on  t h e  s u r v i v a l  o f  b a c t e r i a  m ig h t  b e  m ade, o r  t h e  
w h o le  o f  t h e  c o n te n ts  c o u ld  b e  t r a n s f e r r e d  v e r y  q u i c k l y  i n t o  t u b e s  
o f  o t h e r  m ed ia  e i t h e r  b y  p o u r in g  d i r e c t l y  o r  b y  p i p e t t i n g .  I t  
s h o u ld  b e  n o t e d  t h a t  i n  t h e s e  s t u d i e s  l i t m u s  m i l k  was th e  o n l y  
medium u s e d  f o r  r e  i n o c u l a t i o n  p u r p o s e s ,  and t h a t  i n  t h e  many 
t u b e s  t r a n s f e r r e d  i n  t h i s  way p r a c t i c a l l y  no c o n t a m in a t io n  
o c c u r r e d .  R e g a r d in g  t h e  h e a t  t r a n s f e r ,  t h i s  was o b v i o u s l y  l e s s  
e f f i c i e n t  th a n  w i t h  c a p i l l a r y  t u b e s ,  b u t  u n i fo r m  t u b e s  w ere  u s e d  
th r o u g h o u t  s o  t h a t  t h e  l a g  i n  a t t a i n i n g  t h e  maximum te m p e r a tu r e  
was a  c o n s t a n t  f a c t o r .  I n  t h e  s t u d i e s  w i t h  n o n - s p o r e f o r m e r s ,
2 m in u t e s  w e re  a l l o w e d  t o  l a p s e  b e f o r e  t h e  r e c o r d i n g  o f  th e  t im e  
o f  h e a t i n g  b e g a n .  W ith  th e  s p o r e f o r m e r s ,  h o w e v e r ,  b e c a u s e  o f  
th e  c o o l i n g  e f f e c t  on t h e  g l y c e r i n e  when t h e  c o l d  t u b e s  w ere  
in t r o d u c e d  i n t o  t h e  b a t h ,  t h e  tu b e s  w ere  h e l d  f o r  2 m in u t e s  i n  
b o i l i n g  w a t e r  f i r s t  b e f o r e  b e i n g  t r a n s f e r r e d  t o  t h e  b a t h ,  and  
th e  t im e  was r e c o r d e d  from  th e  moment o f  t h e i r  im m ers io n  i n  t h e  
g l y c e r i n e .
3 .  G e n e r a l  h e a t  r e s i s t a n c e  t r i a l s  on a e r o b i c  s p o r e f o r m e r s .
I n  o r d e r  t o  o b t a i n  g e n e r a l  i n f o r m a t io n  on t h e  h e a t  r e s i s ­
t a n c e  o f  a e r o b i c  s p o r e f o r m e r s  c u l t u r e s  o f  t h e s e  o r g a n is m s  w ere
grown on m i l k  a g a r  s l a n t s  f o r  2 d a y s  a t  37°C . and h e l d  a t  room  
t e m p e r a tu r e  f o r  3 d a y s  b e f o r e  b e i n g  i n o c u l a t e d  d i r e c t l y  i n t o
skimmed m i l k  p r e v i o u s l y  s t e r i l i s e d  i n  t h e  t u b e  c o n t a i n e r s  j u s t  
d e s c r i b e d .  Tubes w ere  s u b j e c t e d  to  a  much h ig h e r  te m p e r a tu r e  
th a n  p r e v i o u s l y  and t h e  r e s i s t a n c e  t o  a t im e  o f  2 0  m in u te s  
i n s t e a d  o f  10 m in u te s  was i n v e s t i g a t e d ,  s i n c e  t h i s  t im e  i s  more 
i n  k e e p in g  w i t h  t h a t  w h ich  i s  u s e d  c o m m e r c ia l ly  i n  c a n n in g .
A f t e r  h e a t i n g ,  t h e  t u b e s  w ere  c o o l e d  a s  b e f o r e  and i n c u b a t e d  a t  
37°G . In  m o st  i n s t a n c e s  t h e  s u r v i v a l  o f  th e  o r g a n ism s  i n  t h e  
tu b e s  v/as q u i c k l y  a p p a r e n t  on i n c u b a t i o n  a s  t h e  c h a r a c t e r i s t i c  
d i g e s t i o n  o f  m i l k  o c c u r r e d ,  and m i c r o s c o p i c  e x a m in a t io n  c o n f ir m e d  
t h i s .  W here, h o w e v e r ,  t h e r e  v/as an y  d ou b t a s  t o  w h e th e r  
o r g a n ism s  had  s u r v i v e d  o r  n o t ,  o r  i t  a p p ea red  t h a t  n o n e  had  
w i t h s t o o d  h e a t i n g ,  t h e  c o n t e n t s  o f  t h e  tu b e  w ere  t r a n s f e r r e d  
i n t o  l i t m u s  m i l k  m e d ia  and  i n c u b a t e d  f o r  a  minimum o f  2 v/eeks  
b u t  more o f t e n  f o r  1 m onth . U s u a l l y  t h e  h e a t  e x p o s u r e  t e s t s  ' 
w ere  c a r r i e d  o u t  i n  d u p l i c a t e  and f r e q u e n t l y  i n  t r i p l i c a t e .
The r e s u l t s  a r e  shown i n  T a b le  25 .
A s i m i l a r  g e n e r a l  t r i a l  o f  h e a t  r e s i s t a n c e  was c a r r i e d  o u t  
w it h  som e o f  t h e  a b o v e  s t r a i n s  and a l s o  w i t h  c e r t a i n  a d d i t i o n a l  
c u l t u r e s  w h ic h  t o g e t h e r  t o t a l l e d  n e a r l y  4 0  s t r a i n s  ex a m in ed . In  
t h i s  t r i a l ,  h o w e v e r ,  o n e  i n o c u l a t e d  tu b e  o f  skimmed m i l k ,  
a n o t h e r  o f  m i l k  and a  t h i r d  o f  cream  ( c o n t a i n i n g  23  p e r  c e n t ,  
b u t t e r  f a t )  w ere  h e a t e d  a t  e a c h  te m p e r a tu r e .  As b e f o r e ,  th e  
tu b e  c o n t e n t s  w e re  t r a n s f e r r e d  i n t o  l i t m u s  m i l k  and t h e  s u r v i v a l  
i n  cream  was r e a d  i n  n e a r l y  a l l  i n s t a n c e s  b y  t h i s  m eth o d , s i n c e  
th e  c o n s i s t e n c y  o f  t h i s  s u b s t r a t e  made d i r e c t  r e a d in g  o f  g r o w th  
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Prom a  s t u d y  o f  T a b le s  25 and 26  i t  v / i l l  b e  s e e n  t h a t  th e  
c u l t u r e s  o f  t h e  g r e a t e s t  h e a t  r e s i s t a n c e  were s t r a i n s  o f  
B. s u b t i l i s  and t h a t  t h e  v a r i a t i o n  w i t h i n  s t r a i n s  o f  t h e  same 
o r g a n ism  was c o n s i d e r a b l e .  Thus w h i l e  t h e  m a j o r i t y  w i t h s t o o d  
t h e  h e a t  o f  120°C . f o r  20 m in u t e s ,  o t h e r  s t r a i n s ,  a s  f o r  ex a m p le  
No. 7 ,  a l s o  i s o l a t e d  from  p r o c e s s e d  m i l k ,  d i d  n o t  a p p ea r  to  h a v e  
a g r e a t  t o l e r a n c e  to  h e a t .  When t h e  same c u l t u r e  was exam in ed  
more th a n  o n c e  a b s o l u t e  ch e ck s  w ere  n o t  o b t a i n a b l e ,  b u t  e v e n  
a l l o w i n g  f o r  t h e  l a r g e  te m p e r a tu r e  i n t e r v a l  b e tw e e n  t h e  t e s t s  
t h i s  l a c k  o f  a g r ee m e n t  was l e s s  i n  some c a s e s  th a n  m ig h t  h a v e  
b e e n  e x p e c t e d  from  t h e  r e v ie w  o f  p r e v i o u s  w ork, s i n c e  many o f  
th e  p r e c a u t i o n s  w h ich  h a v e  b e e n  shown n e c e s s a r y  f o r  u n i f o r m i t y  
w ere  n o t  t a k e n  i n  t h i s  g e n e r a l  t r i a l .
I t  w i l l  be  n o t e d  t h a t  ’’s k ip s "  o c c u r r e d  i n  some t e s t s ,  
e s p e c i a l l y  among t h e  B. l i c h e n i f o r m i s  s p e c i e s  ( T a b le  2 5 )  and  
among some o f  t h e  o t h e r  s t r a i n s  (T a b le  2 6 ) .  When cream , m i l k  
and s e p a r a t e d  m i l k  w ere  u s e d  a s  s u b s t r a t e s  t h e r e  was no i n d i c a ­
t i o n  t h a t  t h e  b a c t e r i a  i n  one medium had a g r e a t e r  r e s i s t a n c e  to  
h e a t  th a n  i n  e i t h e r  o f  t h e  o t h e r s .  Dormancy was n o t  o b s e r v e d ,  
a l t h o u g h  i n  some t u b e s  t h e  s p o r e s  t o o k  one or  tw o d a y s  l o n g e r  
th a n  t h e  m a j o r i t y  t o  g e r m in a t e .  The s u r v i v a l  o f  t h e  s p o r e s  
was a lw a y s  e v i d e n t  w i t h i n  o n e  w e e k ’ s i n c u b a t i o n  and more o f t e n  
a f t e r  3 t o  4  d a y s .
4 .  S p e c i a l  s t u d i e s  on t h e  h e a t  r e s i s t a n c e  o f  a e r o b i c  s p o r e ­
f o r m e r s .
I t  was d e c i d e d  to  i n v e s t i g a t e  i n  g r e a t e r  d e t a i l  t h e  h e a t  
r e s i s t a n c e  o f  some o f  t h e  a e r o b i c  s p o r e f o r m e r s .  and f o r  t h i s
p u r p o se  s t r a i n s  o f  B. s u b t i l i s  w ere  s e l e c t e d  b e c a u s e  i t  a p p ea r e d
b o t h  from  t h e  num bers i s o l a t e d  from  ca n s  and from  t h e  g e n e r a l  
t r i a l  o f  h e a t  t o l e r a n c e  t h a t  o r g a n is m s  o f  t h i s  s p e c i e s  a r e  th e  
m o st  l i k e l y  t o  s u r v i v e  com m erc ia l c a n n in g .  N o s .  6 ,  27  and 62 
w ere  s e l e c t e d  b e c a u s e  t h e y  v/ere known t o  be  a c t i v e  i n  s t e r i l i s e d  
cream  s p o i l a g e .  T hey w ere  r e p r e s e n t a t i v e  a l s o  o f  th e  v a r i a t i o n  
i n  h e a t  t o l e r a n c e  o f  t h e  s t r a i n s  o f  B. s u b t i l i s  w h ic h  w ere  
i s o l a t e d  from  ca n n ed  p r o d u c t s ,  s i n c e  No. 6  had  a l e s s  p ro n o u n ced  
h e a t  r e s i s t a n c e  th a n  t h a t  o f  t h e  o t h e r  two c u l t u r e s .
P r e p a r a t i o n  o f  s p o r e  s u s p e n s i o n s . S p o re  s u s p e n s i o n s  w ere p r e ­
p a r e d  a s  f o l l o w s : -  The c u l t u r e s  w ere  i n o c u l a t e d  on t o  m i l k  a g a r  
s l a n t s  p r e p a r e d  i n  l a r g e  f l a t  s i d e d  m e d ic in e  b o t t l e s .  Each
s l a n t  was a b o u t  20  s q u a r e  i n c h e s  i n  e x t e n t ,  and t h e y  w ere  i n ­
c u b a t e d  f o r  4 8  h o u r s  a t  37°C . a f t e r  i n o c u l a t i o n .  The c u l t u r e s
%
w ere  t h e n  w a sh ed  o f f  w i t h  s t e r i l e  d i s t i l l e d  w a te r  and in c u b a t e d  
f o r  a f u r t h e r  2 4  h o u r s  a t  37°C . t o  i n c r e a s e  s p o r u l a t i o n .  The  
w a t e r  s u s p e n s i o n  was w e l l  sh a k en  up w i t h  g l a s s  b e a d s  t o  b r e a k  
up t h e  c lu m p s and f i l t e r e d  th r o u g h  a f i l t e r  p a p e r  c o n t a i n i n g  a 
h e a v y  l a y e r  o f  s t e r i l i s e d  a b s o r b e n t  c o t t o n  w o o l ,  a l l  o f  w h ich  
had  b e e n  p r e v i o u s l y  s t e r i l i s e d .  The f i l t e r i n g  p r o c e s s  rem oved  
any r e m a in in g  c lu m p s ,  and a b s e n c e  o f  c lum ps o f  s p o r e s  i n  th e  
f i n a l  s u s p e n s i o n  was c o n f ir m e d  b y  m i c r o s c o p i c  e x a m in a t io n .  The
1 0 7 .
s u s p e n s i o n  was h e a t e d  t o  1 9 0 °P . f o r  10 m in u te s  i n  w a te r  to  
d e s t r o y  any v e g e t a t i v e  form s and t h e n  i t  was c o o le d  q u i c k l y  and  
p l a c e d  i n  a s m a l l  s c r e w  capped b o t t l e  i n  a r e f r i g e r a t o r  a t  4 0 ° P .  
u n t i l  r e q u i r e d .  S i n c e  v e r y  good  c h e c k s  w ere o b t a i n e d  when  
s e v e r a l  p l a t e s  o f  t h e  same d i l u t i o n  w ere  c o u n te d  and dorm ancy  
d id  n o t  a p p ea r  t o  o c c u r ,  i t  seem ed c l e a r  t h a t  c o u n t in g  t h e  number 
o f  s p o r e s  b y  s p e c i a l i s e d  m eth od s  was n o t  n e c e s s a r y ,  and t h e  
number o f  s p o r e s  p r e s e n t  i n  th e  s u s p e n s i o n  was t h e r e f o r e  d e t e r ­
m in ed  b y  t h e  p l a t e  c o u n t  on m i l k  a g a r .  I t  s h o u ld  b e  n o t e d  t h a t  
when p l a t e  c o u n t s  v/ere made o f  t h e  s p o r e f o r m e r s  s t e r i l e  b l o t t i n g  
p a p er  and g l y c e r i n e  w ere  p l a c e d  i n s i d e  t h e  p l a t e s  a f t e r  t h e y  had  
b e e n  p o u r e d  and i n v e r t e d  t o  a b so r b  t h e  w a t e r  o f  c o n d e n s a t i o n  and  
p r e v e n t  t h e  c o l o n i e s  from  s p r e a d in g .
The e f f e c t  o f  t h e  two f a c t o r s ,  nam ely  r e a c t i o n  and b u t t e r -  
f a t  c o n t e n t  o f  t h e  s u b s t r a t e ,  a l r e a d y  s t u d i e d  i n  c o n n e x io n  v / i t h  
th e  h e a t  r e s i s t a n c e  o f  n o n - s p o r e f o r m in g  b a c t e r i a  h a v e  a l s o  b e e n  
i n v e s t i g a t e d  f o r  s p o r e f o r m e r s  and w i l l  b e  d e a l t  w i t h  s e p a r a t e l y .
( i ) The e f f e c t  o f  t h e  r e a c t i o n  (pH) o f  t h e  s u b s t r a t e  on t h e  
d e s t r u c t i o n  o f  B. s u b t i l i s  b y  h e a t . Cream o f  2 3 . 5  p e r  c e n t ,  
b u t t e r f a t  c o n t e n t  p r e p a r e d  a s  p r e v i o u s l y  d e s c r i b e d  was t h e  
s u b s t r a t e  u s e d .  By t h e  a d d i t i o n s  o f  s m a l l  q u a n t i t i e s  o f  
^ 0  NaOH o r  HC1, a  t i t r a t i o n  c u r v e  was o b t a i n e d  f o r  t h e  
p a r t i c u l a r  cream , and b y  u s i n g  th e  q u a n t i t i e s  i n d i c a t e d  b y  t h e  
c u r v e  i t  was p o s s i b l e  b y  a d d in g  s t e r i l e  a l k a l i  and a c i d  t o  a d j u s t  
t h e  s t e r i l i s e d  s u b s t r a t e  t o  d i f f e r e n t  pH v a l u e s .  A f t e r  t h i s  
a d j u s tm e n t  i n  pH had  b e e n  made t h e  su b sa m p le s  o f  cream  w ere
t h o r o u g h ly  sh a k e n  and w ere  n o t  u s e d  f o r  h e a t  r e s i s t a n c e  t e s t s  
u n t i l  a t  l e a s t  24  h o u r s  had e l a p s e d  when t h e  pH had  come to  
e q u i l i b r i u m .  The pH was th e n  d e te r m in e d  b y  t h e  q u in h y d ro n e  
e l e c t r o d e  m eth od  and e q u a l  v o lu m es  o f  t h e  same s p o r e  s u s p e n s i o n  
w h ich  was p r e p a r e d  a s  d e s c r i b e d  a b o v e  v/ere added  t o  e a c h  o f  t h e  
cream  s u b s a m p le s .
The e f f e c t  o f  c h a n g e s  i n  t h e  r e a c t i o n  o f  t h e  s u b s t r a t e  on  
t h e  d e s t r u c t i o n  o f  B. s u b t i l i s  s t r a i n s  N os. 6 and 6 2  was 
i n v e s t i g a t e d .  B o th  c u l t u r e s  w ere  t e s t e d  i n  4  su b sa m p le s  o f  
cream  s u b s t r a t e .  The pH and t h e  p l a t e  c o u n t s  o f  t h e  s u b s a m p le s ,  
w h ic h  w ere  t e s t e d  im m e d ia te ly  b e f o r e  t h e  h e a t  r e s i s t a n c e  t e s t s  
commenced, a r e  g i v e n  b e lo w .
C u lt u r e Su bsam ple pH o f P l a t e  c o u n t T em p eratu re  a t
No. No. su b sam p le p e r  m l.  o f w h ich  t u b e s  w ere
subsarap le h e a t e d  f o r  r e ­
s i s t a n c e  t e s t s
6 1 7 . 0 1 , 7 0 0 , 0 0 0 116°C .
2 6 . 7 1 , 6 1 0 , 0 0 0
3 6 . 3 1 , 5 4 0 , 0 0 0
4 6 . 1 1 , 5 2 0 , 0 0 0
5 5 .9 5 1 , 4 4 0 , 0 0 0
62 1 7 .2 5 4 0 ,0 0 0 120°C .
2 7 . 0 4 5 ,0 0 0
3 6 . 6 5 1 ,0 0 0
4 6 . 1 3 8 ,0 0 0
I t  w i l l  b e  s e e n  t h a t  t h e  p l a t e  c o u n t s  o f  th e  s u b s a m p le s  i n  
b o t h  e x p e r im e n t s  w ere  v e r y  s i m i l a r .  S i n c e  i n  c o m m erc ia l  p r a c ­
t i c e  t h e  r a n g e  i n  pH o f  cream  f o r  c a n n in g  d o e s  n o t  v a r y  v e r y  
w i d e l y  i t  w i l l  b e  n o t e d  t h a t  t h e  r a n g e  o f  pH v a l u e s  c h o s e n  f o r
1 0 9 .
t h e s e  e x p e r im e n t s  was a l s o  s m a l l .  A f t e r  t h e  s u b s t r a t e  had  
b e e n  i n o c u l a t e d  1 m l .  am ounts w ere  t r a n s f e r r e d  t o  th e  tu b e  c o n ­
t a i n e r s  a l r e a d y  d e s c r i b e d .  I f  t h e r e  was an  i n t e r v a l  b e tw e e n  
t h e  f i l l i n g  o f  t h e  t u b e s  and t h e  h e a t  t r e a t m e n t  t h e y  w ere  c o o l e d  
down i n  i c e d  w a te r  and r e t a i n e d  a t  4 0 °F .  The t e m p e r a tu r e  o f  
h e a t i n g  was k e p t  c o n s t a n t  i n  b o t h  e x p e r im e n ts  and t h e  t im e  o f  
e x p o s u r e  t o  i t  was v a r i e d  from  16 t o  60  m in u t e s .  From 3 t o  5 
d i f f e r e n t  l e n g t h s  o f  h e a t  e x p o s u r e  w ere g i v e n  t o  e a c h  su b sa m p le  
and 25  t u b e s  w ere  u s e d  f o r  e a c h  d i f f e r e n t  t im e  o f  e x p o s u r e .  As 
b e f o r e  t h e  t u b e s  w e re  f i r s t  h e l d  i n  b o i l i n g  w a te r  f o r  2 m in u te s  
b e f o r e  t h e y  w ere  p l a c e d  i n  t h e  b a t h ,  and t h e y  w ere  c o o l e d  i n  
c o l d  w a t e r  a f t e r  h e a t i n g  and th e n  i n c u b a t e d  a t  37°C . f o r  one  
m onth. The numbers o f  t u b e s  i n  w h ich  g r o w th  o c c u r r e d  a f t e r  
h e a t i n g  was r e c o r d e d  and h a s  b e e n  p l o t t e d  i n  f i g u r e s  1 and 2 as  
t h e  p e r c e n t a g e  o f  t u b e s  i n  w h ich  s p o r e s  s u r v i v e d ,  i . e .  t h e  s u r ­
v i v a l  p e r c e n t a g e ,  a g a i n s t  t h e  l e n g t h  o f  t im e  f o r  w h ich  h e a t i n g  
was c a r r i e d  o u t .
I t  w i l l  b e  s e e n  t h a t  t h e r e  i s  a l a c k  o f  c o n s i s t e n c y  i n  t h e  
r e s u l t s  and t h a t  o v e r  t h e  r e s t r i c t e d  r a n g e  o f  pH exam in ed  i t  i s  
i m p o s s i b l e  t o  s t a t e  d e f i n i t e l y  t h e  e f f e c t  o f  ch a n g e  i n  t h e  pH 
on t h e  r e s i s t a n c e  o f  s p o r e s  h e a t e d  i n  cream . I t  a p p ea r s  from  
an e x a m in a t io n  o f  t h e  r e s u l t s  i n  g e n e r a l  t h a t  i n c r e a s e s  o r  
d e c r e a s e s  i n  t h e  v a l u e s  on e i t h e r  s i d e  o f  a pH o f  abou t 6 . 6  t o  
6 . 8  may e x e r t  a t e n d e n c y  t o  d e c r e a s e  t h e  r e s i s t a n c e  o f  t h e  
s p o r e s  t o  h e a t .  I t  i s  c l e a r l y  d e m o n s t r a t e d ,  h o w e v e r ,  b y  t h i s  
m eth od  t h a t  a s  t h e  t im e  o f  h e a t i n g  i n c r e a s e s  t h e  s u r v i v a l  p e r ­
c e n t a g e  d e c r e a s e s .
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M I N U T E S EXPOSURE
( i i )  The e f f e c t  o f  i n c r e a s e d  b u t t e r f a t  p e r c e n t a g e  on th e  
d e s t r u c t i o n  o f  B. s u b t i l i s  by h e a t .
( a )  By s u r v i v a l  p e r c e n t a g e  m eth o d . The e f f e c t  o f  i n c r e a s i n g  th e  
B u t t e r f a t  p e r c e n t a g e  on t h e  h e a t  r e s i s t a n c e  o f  B. s u b t i l i s  i n  
m il k  was i n v e s t i g a t e d  By two m e th o d s .  The f i r s t  m eth od  was 
s i m i l a r  to  t h a t  w h ich  h a s  j u s t  B een  d e s c r i b e d  i n  t h e  s t u d y  o f  
t h e  e f f e c t  o f  i n c r e a s i n g  a c i d i t y .  The p e r c e n t a g e  o f  t u b e s  i n  
w h ich  s p o r e s  s u r v i v e d  i n  th e  d i f f e r e n t  s u b s a m p le s ,  w h ich  h a s  b eer  
b a s e d  on t h e  r e s u l t s  from  a b o u t  25  t u b e s ,  i s  g i v e n  i n  T a b le  27 .  
The p l a t e  c o u n t s  o f  t h e  s u b s a m p le s ,  t o g e t h e r  w i t h  t h e  c u l t u r e s  
exam in ed  and t h e  d i f f e r e n t  t e m p e r a tu r e s  a t  w h ic h  h e a t  r e s i s t a n c e  
e x p e r im e n t s  w ere  c a r r i e d  o u t ,  i s  a l s o  s t a t e d .
I t  w i l l  b e  s e e n  t h a t  t h e r e  i s  l i t t l e  u n i f o r m i t y  i n  t h e  
r e s u l t s  o f  t h e  t e s t s ,  w h ich  a g a in  shows th e  d i f f i c u l t i e s  o f  
d e a l i n g  w i t h  s p o r e f o r m e r s  i n  h e a t  r e s i s t a n c e  e x p e r im e n t s .  How­
e v e r  t h e  r e s u l t s ,  su c h  a s  t h e y  a r e ,  do show t h a t  r a i s i n g  t h e  
p e r c e n t a g e  o f  B u t t e r f a t  d o e s  n o t  i n c r e a s e  t h e  r e s i s t a n c e  t o  h e a t  
o f  t h e  o r g a n is m s  tin d er  t e s t .  In  f a c t  a g e n e r a l  e x a m in a t io n  o f  
t h e  r e s u l t s  i n d i c a t e s  t h a t  th e  r e v e r s e  i s  more p r o b a b l e ,  a s  h a s  
a l r e a d y  B een  d e m o n s tr a te d  w i t h  n o n - s p o r e f o r m e r s .  I t  m ig h t  be  
s u g g e s t e d  t h a t  t h e  i r r e g u l a r  r e s u l t s  w ere  due t o  c a s u a l  c o n ­
t a m i n a t i o n .  I t  i s ,  h o w e v e r ,  m o st  u n l i k e l y  t h a t  su c h  a l a r g e  
number o f  t u b e s  w ou ld  h a v e  b e e n  c o n t a m in a t e d  a f t e r  h e a t i n g  w i t h  
th e  a c t u a l  o r g a n is m s  u n d e r  t e s t .  The p o s s i b i l i t y  o f  c o n ta m in a ­
t i o n  i s  a l s o  r e d u c e d  b y  t h e  f a c t  t h a t  many o f  t h e  t u b e s  w ere  
in c u b a t e d  d i r e c t l y  and w ere  n e v e r  u n c o r k e d .
TABLE 2 7 .
S u r v i v a l  p e r c e n t a g e .
Time r e t a i n e d
A.
Skimmed M i l k  3 .5%
t e m p e r a t u r e
m i n s .
M ilk b u t t e r f a t
























C. C u l t u r e  No. 27  a t  120°C .
12 100
14 96



























4 5 32 72
48 63
S .  C u l t u r e  No. 6 a t  11 0  C.
Cream 10% 



















Time r e t a i n e d  
a t  t e m p e r a tu r e
Skinned Time r e t a i n e d  










M ilk  3.5%  
b u t t e r f a t
Cream 23% 







62  a t  115°C .
100 100 1 00
100 100
100 100
96 100 100 100
88 100 63 100
88 92 96 64
88 100 89 7
76 8 4 10





















b u t t e r f a t
m ins m in s .
20 96 25 100 92
23 72 2 6 i 100
26 7 6 28 92 84
27 £ 92 2 9 i 100 78
29 84 31 92 72
30 £ 7 6 34 7 2 92
32 52 3 5 £ 96
35 72 37 100 76
38 56 40 84 80
41 4 4 43 9 6 60
4 4 72 4 6 88
4 7 78 49 5 2
P l a t e  c o u n t  p e r  m l .  o f s u b s t r a t e .
S k in n ed M ilk  3.5% Cream 10% Cream 23%
m i l k b u t t e r f a t b u t t e r f a t b u t t e r f a t
A 9 5 0 ,0 0 0 1 , 2 2 5 , 0 0 0 1 , 1 9 0 , 0 0 0 1 , 2 7 0 , 0 0 0
- » 1 8 0 ,0 0 0 1 6 0 ,0 0 0 1 6 7 ,0 0 0
€ 2 8 3 ,0 0 0 8 0 6 ,0 0 0 2 9 7 ,0 0 0 2 9 3 ,0 0 0
D 2 , 1 1 0 , 0 0 0 2 , 8 8 0 , 0 0 0 1 , 9 5 0 , 0 0 0 1 , 5 7 0 , 0 0 0
E 2 , 1 6 0 , 0 0 0 3 ,2 0 0 » 0 0 0
( b )  By a p l a t e  c o u n t  m eth od . A f u r t h e r  a t t e m p t  was made i n  
o r d e r  t o  show w h e th e r  t h e  i n c r e a s e  o f  b u t t e r f a t  c h a n g e s  t h e  r e ­
s i s t a n c e  o f  s p o r e f o r m e r s  t o  h e a t .  S u b s t r a t e s  w ere  p r e p a r e d ,  a s  
b e f o r e ,  o f  d i f f e r e n t  b u t t e r f a t  c o n t e n t  fr o m  Grade A ( T . T . )  m i l k ,  
b u t  t h e y  w e re  n o t  s t e r i l i s e d .  S p o re  s u s p e n s i o n s  o f  C u l t u r e  62  
w ere  added  i n  t h e  same way a s  i n  t h e  p r e v i o u s  e x p e r im e n t s  s o  t h a t  
t h e  c o u n t  w ou ld  b e  a s  n e a r l y  e q u a l  i n  e a c h  su b sa m p le  as p o s s i b l e .  
P l a t e  c o u n t s  w e re  made on t h e  s u b s t r a t e s  b e f o r e  and a f t e r  a d d in g  
th e  s p o r e s ,  ana a p p r o x im a t e ly  4  m l .  am ounts o f  t h e  s u b s a m p le s  
b o t h  b e f o r e  and a f t e r  t h e  s p o r e s  had  b e e n  added w e r e  s e t  up i n  
th e  s p e c i a l  tu b e  c o n t a i n e r s  f o r  h e a t  r e s i s t a n c e  t e s t s .  The t u b e s  
c o n t a i n i n g  t h e  i n o c u l a t e d  s u b s t r a t e  w ere  h e l d  a t  d i f f e r e n t  
t e m p e r a t u r e s  i n  t h e  g l y c e r i n e  b a t h  a s  p r e v i o u s l y  f o r  v a r y i n g  
p e r i o d s  o f  t i m e ,  and im m e d ia t e ly  a f t e r  h e a t i n g  p l a t e  c o u n t  t e s t s  
w ere made. The r e s u l t s  a r e  g i v e n  i n  T a b le  2 8 .
I t  w i l l  be  s e e n  t h a t  t h e  p l a t e  c o u n t s  o f  th e  u n i n o c u l a t e d  
s u b s a m p le s  b e f o r e  h e a t i n g  w ere l o w ,  and t h a t  a f t e r  h e a t i n g  no  
b a c t e r i a  c o u ld  b e  d e t e c t e d  on t h e  p l a t e s  o f  1 m l .  A l l  s a m p le s  
w ere  r e t a i n e d  i n  i c e d  w a te r  a f t e r  i n o c u l a t i o n  i f  t h e r e  was an  
i n t e r v a l  b e f o r e  h e a t i n g  s o  t h a t  no m u l t i p l i c a t i o n  o f  b a c t e r i a  
o c c u r r e d ,  and i t  i s  c l e a r  t h e r e f o r e  t h a t  t h e  l a c k  o f  s t e r i l i t y  
o f  t h e  s u b s a m p le s  d id  n o t  a p p r e c i a b l y  a l t e r  t h e  r e s u l t s .
The p l a t e  c o u n t s  in d ic a t e d  more d e f i n i t e l y  th a n  t h e  
s u r v i v a l  p e r c e n t a g e s  t h a t  th e  i n c r e a s e  o f  b u t t e r f a t  i n  t h e  s u b ­
s a m p le s  d o e s  n o t  i n c r e a s e  t h e  r e s i s t a n c e  o f  t h e  s p o r e s  t o  h e a t .
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a r e  s o  r e s i s t a n t  to  h e a t  t h a t  t h e  m in o r  c h a n g e s  w h ic h  h a v e  b e e n  
made i n  pH and i n  t h e  c o m p o s i t i o n  o f  t h e  s u b s t r a t e s  i n  t h e s e  
s t u d i e s  w ere  n o t  s u f f i c i e n t  t o  ch a n g e  s e r i o u s l y  t h e  h e a t  r e ­
s i s t a n c e .
APPENDIX.
BACTERIOLOGICAL QUALITY OF RAW MILK.
R o u t i n e  m e t h o d s  f o r  g r a d i n g  m i l k .
(A) G e n e r a l  c o n s i d e r a t i o n s .
(B )  C o m p a r a t i v e  v a l u e s  o f  t h e  p l a t e  c o u n t  and t h e
m o d i f i e d  m e t h y l e n e  b l u e  r e d u c t i o n  t e s t .
C r i t e r i a  a s  t o  t h e  s u i t a b i l i t y  o f  t h e  m e t h y l e n e  
b l u e  r e d u c t i o n  t e s t .
( 1 )  C o m p a r i s o n  o f  r e d u c t i o n  t e s t  w i t h  p l a t e  c o u n t .
( 2 ) C o m p a r i s o n  o f  p l a t e  c o u n t  and  r e d u c t i o n  t e s t
w i t h  o t h e r  m e a s u r e s  o f  c l e a n l i n e s s .
f a )  C o r r e l a t i o n s  w i t h  o t h e r  t e s t s .
( b )  C o r r e l a t i o n s  w i t h  c o n d i t i o n s  o f  p r o d u c t i o n .
( 3 )  The e f f e c t  o f  m a s t i t i s  m i l k  o n  t h e  r e d u c t i o n
t e s t .
( 4 )  The r e l a t i v e  a c c u r a c y  o f  t h e  p l a t e  c o u n t  and
t h e  r e d u c t i o n  t e s t .
T e s t  r e co m m en d ed  f o r  r o u t i n e  b a c t e r i o l o g i c a l  g r a d i n g  
a t  f a c t o r i e s .
C o m p a r i s o n  b e t w e e n  s e n s i t i v i t y  o f  t h e  p l a t e  c o u n t  and  
r e d u c t i o n  t e s t s  a s  c o n d i t i o n s  o f  m i l k  p r o d u c t i o n  and 
o f  s t o r a g e  o f  t h e  s a m p l e s  a r e  c h a n g e d .
(A) G e n e r a l  p l a n  o f  e x p e r i m e n t .
f l )  C o n d i t i o n s  o f  m i l k  p r o d u c t i o n .
( 2 ;  C o n d i t i o n s  o f  s t o r a g e  a n d  a g e  o f  m i l k  s a m p l e s  
o n  t e s t i n g .
( 3 )  L a b o r a t o r y  t e s t s  u s e d .
(B)  R e s u l t s  a n d  d i s c u s s i o n .
C o m p a r i s o n  b e t w e e n  s e n s i t i v i t y  o f  t h e  p l a t e  c o u n t  
a n d  o f  t h e  r e d u c t i o n  t e s t .
d l ]
( i n !
On a  p e r c e n t a g e  b a s i s .
U s i n g  i n d e x  n u m b e r s .
U s i n g  c o r r e l a t i o n  c o e f f i c i e n t s .
APPENDIX■
BACTERIOLOGICAL QUALITY OF RAW MILK.
A s u p p le m e n ta r y  i n v e s t i g a t i o n  was u n d e r t a k e n  i n t o  t h e  
B a c t e r i o l o g i c a l  q u a l i t y  o f  t h e  in c o m in g  raw m i l k  i n  v i e w  o f  t h e  
f a r - r e a c h i n g  e f f e c t s  i t  may h a v e  on t h e  m a n u fa c tu r e  and  s u b s e ­
q u e n t  q u a l i t y  o f  c a n n e d  d a i r y  p r o d u c t s .  The work was d i v i d e d  
i n t o  two p a r t s .  The f i r s t  s e c t i o n  d e a l s w i t h  d a t a  on th e  
r e l a t i v e  m e r i t s  o f  t h e  v a r i o u s  r o u t i n e  t e s t s  f o r  g r a d in g  m i l k  
com in g  i n t o  f a c t o r i e s ,  and th e  s e c o n d  d e a l s ( 6 8 ) w i t h  a c o m p a r i­
so n  b e t w e e n  some o f  t h e  t e s t s  a s  c o n d i t i o n s  o f  m i l k  p r o d u c t i o n  
a r e  ch a n g ed  and a s  c o n d i t i o n s  o f  s t o r a g e  o f  t h e  m i l k  sa m p le s  
b e f o r e  t e s t i n g  a r e  a l t e r e d .
I .  ROUTINE METHODS FOR GRADING MILK.
(A ) GENERAL CONSIDERATIONS.
I t  was f e l t  t h a t  i t  w o u ld  be  o f  p a r t i c u l a r  v a l u e  t o  p r o ­
c e s s i n g  f a c t o r i e s  i f  a  q u ic k  t e s t  c o u ld  b e  u s e d  on t h e  p l a t f o r m  
a s  t h e  m i l k  was d e l i v e r e d  and t h e  r e s u l t s  be  a v a i l a b l e  b e f o r e  
t h e  m i l k  w as t i p p e d .  Thus any p o o r  q u a l i t y  sa m p le s  c o u ld  b e  
k e p t  o u t  o f  t h e  b u l k  w h ich  w as d e s t i n e d  f o r  m a n u fa c tu r e .  W ith  
t h i s  o b j e c t  i n  v i e w  s e v e r a l  t e s t s  w h ich  w ere  c a p a b l e  o f  g i v i n g  
r e s u l t s  i n  a v e r y  s h o r t  t i m e ,  among w h ich  w ere t h e  b r o m - c r e s o l -  
p u r p l e  t e s t ,  t h e  a c i d i t y  t e s t  and th e  a l c o h o l  t e s t ,  w e re  a p p l i e d
114.
t o  in c o m in g  sa m p le s  o f  m i lk  a t  f a c t o r i e s  i n  t h e  s o u t h - w e s t  o f  
S c o t l a n d .  I t  was fo u n d  t h a t ,  w i t h  t h e  e x c e p t i o n  o f  a  f e w  very- 
p o o r  s a m p le s  o b t a i n e d  d u r in g  a s h o r t  p e r i o d  o f  h o t  w e a t h e r ,  
t h e s e  t e s t s  w ere  n o t  s u f f i c i e n t l y  s e l e c t i v e  t o  a s s i s t  i n  t h e  
g r a d in g  o f  m ix ed  m i l k .  I t  was t h e r e f o r e  o b v io u s  t h a t  more 
s e n s i t i v e  t e s t s  w ou ld  h a v e  t o  be  em p lo y ed  i n  g r a d i n g ,  e v e n  
th o u g h  t h e  r e s u l t s  o f  t h e s e  c o u ld  n o t  b e  o b t a i n e d  s o  r a p i d l y .
A t t h e  t im e  t h a t  t h i s  i n v e s t i g a t i o n  was commenced c o n s i d e r a b l e  
c o n t r o v e r s y  had  a r i s e n  r e g a r d in g  two o f  t h e  m o st  common t e s t s  
em p loyed  f o r  r o u t i n e  m i l k  g r a d i n g ,  n a m ely  t h e  p l a t e  c o u n t  and  
t h e  m e t h y le n e  b l u e  r e d u c t i o n  t e s t .  S i n c e  t h e  l a t t e r  t e s t  i s  
f a r  more r a p i d  th a n  t h e  fo r m e r ,  and  h a s  t h e  a d d i t i o n a l  m e r i t s  
o f  s i m p l i c i t y  and  c h e a p n e s s ,  i t  was f e l t  d e s i r a b l e  t o  make a 
c a r e f u l  c o m p a r iso n  o f  t h e i r  r e l a t i v e  a c c u r a c i e s  a s  m e a s u r e s  o f  
b a c t e r i o l o g i c a l  q u a l i t y .
(B )  COMPARATIVE VALUES OF THE PLATE COUNT AND 
THE MODIFIED METHYLENE BLUE REDUCTION
TEST.
D u r in g  t h e  p a s t  t w e n t y  y e a r s  t h e  p l a t e  c o u n t  h a s  b e e n  
em p lo y ed  a s  a  means o f  a s s e s s i n g  t h e  h y g i e n i c  q u a l i t y  o f  m i l k ,  
f o r  w h ic h  i t  h a s  p r o v e d  t o  b e  o f  g r e a t  v a l u e ,  and th e  marked  
im p rovem en t w h ic h  h a s  t a k e n  p l a c e  i n  t h e  q u a l i t y  o f  t h e  m i l k  o f  
many p r o d u c e r s  i s  l a r g e l y  a t t r i b u t a b l e  t o  i t s  u s e .
I n c r e a s i n g  e v i d e n c e  h a s ,  h o w e v e r ,  b e e n  f o r t h c o m i n g  t h a t  
t h e  p l a t e  c o u n t  i s  s u b j e c t  t o  s e r i o u s  e r r o r s .  I n  1932  M alcolm  
who s t u d i e d  t h e  e r r o r s  i n v o l v e d  i n  p l a t e  c o u n t s ,  s t a t e d  t h a t
" i t  a p p e a r s  c l e a r  t h a t  i n  a v e r y  h ig h  p r o p o r t i o n  o f  s a m p le s  . . .
th e  p l a t i n g  m ethod  o f  e s t i m a t i n g  t h e  b a c t e r i a l  c o n t e n t  o f  m i l k
may y i e l d  h i g h l y  m i s l e a d i n g  r e s u l t s  i f  o n l y  o n e ,  o r  e v e n  t?/o ,
p l a t e s  a r e  p o u re d  f o r  e a c h  d i l u t i o n " .  In  1935 M a t t i c k  e t  a l j7° l
i n v e s t i g a t i n g  t h e  p l a t e  c o u n t s  o b t a i n e d  on t h e  same m i l k  a t  t e n
d i f f e r e n t  c e n t r e s ,  fo u n d  g r o s s  v a r i a t i o n s ,  t h e  r a n g e  o f  95  p e r
c e n t ,  o f  t h e  c o u n t s  on i d e n t i c a l  sa m p le s  e x t e n d i n g  from  o n e -
n i n t h  o f  t h e  mean t o  n i n e  t im e s  t h e  mean. T h ese  a u t h o r s  go so
f a r  a s  t o  s t a t e  t h a t  "ow ing t o  t h e  w id e  d i f f e r e n c e s  i n  t h e
r e s u l t s  s e c u r e d  b y  t h e  e x a m in a t io n  o f  p o r t i o n s  o f  t h e  same m i l k
by d i f f e r e n t  o b s e r v e r s  i n  d i f f e r e n t  l a b o r a t o r i e s ,  i t  i s  c l e a r
t h a t  t h e  p r a c t i c e  o f  com p arin g  r e s u l t s  from  o n e  l a b o r a t o r y  w i t h
t h o s e  o f  a n o t h e r  m ust be  ab an d on ed " . In  h i s  r e c e n t  R e p o r t ,
(39 )W ils o n '  • c o n f ir m s  i n  g e n e r a l  t h e  a b o v e  c o n c l u s i o n s  and s t a t e s  
t h a t ,  e v e n  when a c a r e f u l l y  s t a n d a r d i s e d  t e c h n i q u e  i s  e m p lo y e d ,  
an a l lo w a n c e  o f  ± 90  p e r  c e n t ,  m u st  b e  made i n  r e p o r t i n g  th e  
p l a t e  c o u n t s  from  s i n g l e  p l a t e s  and o f  ± 6 4  p e r  c e n t ,  i n  r e p o r t ­
i n g  c o u n t s  from  d u p l i c a t e  p l a t e s .
T h e se  f a c t s  h a v e  l e d  W ils o n  t o  s u g g e s t  t h e  a d o p t io n  o f  a 
m o d i f i e d  m e t h y le n e  b l u e  r e d u c t i o n  t e s t  i n  p l a c e  o f  t h e  p l a t e  
c o u n t  a s  t h e  s t a n d a r d  m ethod f o r  t h e  b a c t e r i o l o g i c a l  g r a d in g  o f  
m i l k .  A s i m i l a r  t e s t  h a s  b e e n  u s e d  i n  o t h e r  c o u n t r i e s  w i t h  
a p p a r e n t  s u c c e s s .  T h o rn to n  and H a s t i n g s '  f o r  e x a m p le ,  fo u n d  
t h a t  t h e  m e t h y le n e  b l u e  r e d u c t i o n  t e s t  was a s  a c c u r a t e  a m ea su re  
o f  t h e  k e e p i n g  q u a l i t y  o f  m i l k  a s  any m ethod a v a i l a b l e ,  w h i l e  
E l l e n b e r g e r  e t a l / 7 2 * s t a t e  t h a t  t h e  t e s t  i s  a more r e l i a b l e
i n d e x  o f  m i l k  q u a l i t y  th a n  th e  a g a r  p l a t e  c o u n t .  S i n c e  th e  
a d o p t io n  o f  t h e  r e d u c t i o n  t e s t  i n v o l v e d  a fu n d a m e n ta l  ch a n g e  i n  
t h e  m eth o d  o f  b a c t e r i o l o g i c a l  g r a d in g  commonly e m p lo y ed  i t  
a p p e a r e d  d e s i r a b l e  t o  o b t a i n  f u r t h e r  e v i d e n c e  r e g a r d in g  i t s  
s u i t a b i l i t y  f o r  t h i s  p u r p o se .
C r i t e r i a  a s  t o  t h e  s u i t a b i l i t y  o f  t h e  m e t h y le n e  b l u e  
r e d u c t i o n  t e s t .
Any t e s t  w h ich  i s  t o  r e p l a c e  t h e  p l a t e  c o u n t  a s  a r o u t i n e  
m ethod o f  g r a d in g  m i l k  s h o u ld  f u l f i l  th e  f o l l o w i n g  r e q u ir e m e n t s :
( 1 )  The r e s u l t s  o f  t h e  t e s t  s h o u ld  show r e a s o n a b l e  a g r ee m e n t  
w it h  r e s u l t s  o b t a i n e d  by t h e  p l a t e  c o u n t .
( 2 )  The t e s t  s h o u ld  show a s  good  an a g r ee m e n t  w i t h  o t h e r  
m e a su r e s  o f  c l e a n l i n e s s  ( e . g .  farm  i n s p e c t i o n ,  k e e p i n g  q u a l i t y ,  
e t c .  ) a s  d o e s  t h e  p l a t e  c o u n t .
( 3 )  The t e s t  s h o u ld  n o t  b e  i n v a l i d a t e d  b y  a b n o r m a l i t i e s  i n  th e  
m ilk .
( 4 )  The a c c u r a c y  o f  d u p l i c a t e  d e t e r m i n a t i o n s  s h o u ld  b e  c l o s e r  
th a n  t h a t  o b t a i n e d  w i t h  t h e  p l a t e  c o u n t .
The p r e s e n t  i n v e s t i g a t i o n  was p la n n e d  t o  d e t e r m in e  w h e th e r  
th e  m e th y le n e  b l u e  r e d u c t i o n  t e s t  f u l f i l s  t h e s e  r e q u ir e m e n t s .
F or  t h i s  p u r p o s e  two s e r i e s  o f  sa m p le s  h a v e  b e e n  e m p lo y e d .  I n
t h e  f i r s t  s e r i e s  t h e  s a m p le s ,  e x t e n d i n g  fr o m  J u n e  1935  to  
December 3-935, w ere  s e c u r e d  from  20 0  d i f f e r e n t  f a r m s ,  and e a c h  
c o n s i s t e d  o f  a  r e p r e s e n t a t i v e  sa m p le  o f  t h e  f u l l  m o rn in g  o r  
e v e n i n g  m i l k i n g .  The s a m p le s  w ere  s t o r e d  a t  a t m o s p h e r ic  tem ­
p e r a t u r e  and e v e n i n g  s a m p le s  w ere  t e s t e d  when 16  t o  18  h o u r s  o l d ,
b u t  m o rn in g  s a m p le s  w ere  t e s t e d  when r o u g h ly  9 h o u r s  o l d .
I n  t h e  s e c o n d  s e r i e s  a b o u t  80 0  s a m p le s ,  e x t e n d i n g  from  
December 1935  t o  J u l y  1 9 3 6 ,  w ere  t a k e n  from  i n d i v i d u a l  c h u r n s  as  
t i p p e d  i n t o  t h e  r e c e i v i n g  ta n k  a t  t h e  c re a m e ry .  A l l  t h e  sa m p le s  
w ere  t a k e n  i n  t h e  m o r n in g , b u t  no i n f o r m a t i o n  was a v a i l a b l e  t o  
i n d i c a t e  w h e th e r  t h e y  w ere  s a m p le s  o f  e v e n i n g  o r  m o rn in g  m i l k .
The s a m p le s  w ere  t a k e n  t o  th e  l a b o r a t o r y  and t e s t e d  on a r r i v a l  
b e tw e e n  11 a .m . and 1 p .m .
The v a l u e  o f  t h e  t e s t s  em p loyed  th r o u g h o u t  h a s  b e e n  d e t e r ­
m ined  b y  c a l c u l a t i n g  t h e  c o r r e l a t i o n  c o e f f i c i e n t ,  w h ich  p r o v i d e s  
a c o n v e n i e n t  m easu re  o f  t h e  g e n e r a l  r e l a t i o n s h i p  o f  any two  
v a r i a b l e s  o v e r  t h e  f u l l  r a n g e  o f  o b s e r v a t i o n s .  R e g r e s s i o n  
e q u a t i o n s  w ere  d e te r m in e d  w here i t  was d e s i r e d  t o  e x p r e s s  one  
v a r i a b l e  i n  term s  o f  a n o t h e r .  I n  a l l  c a l c u l a t i o n s  p l a t e  c o u n t s  
w ere  e x p r e s s e d  a s  l o g a r i t h m i c  v a l u e s .
( l )  C om parison  o f  r e d u c t i o n  t e s t  w i t h  p l a t e  c o u n t .
The p l a t e  c o u n t  and t h e  r e d u c t i o n  t e s t  m e a su r e  tw o  d i f f e r e n t  
p r o p e r t i e s  o f  b a c t e r i a ;  t h e  p l a t e  c o u n t  i s  a m e a su r e  o f  t h e i r  
num ber, t h e  r e d u c t i o n  t e s t  a  m easu re  b o t h  o f  t h e i r  number and o f  
t h e i r  a c t i v i t y .  A b s o l u t e  a g r e e m e n t  b e tw e e n  them c a n n o t  t h e r e ­
f o r e  b e  e x p e c t e d ,  b u t  s i n c e  t h e  p l a t e  c o u n t  h a s  b e e n  u s e d  
s u c c e s s f u l l y  i n  g r a d in g  up m i l k  s u p p l i e s  i t  i s  o b v io u s  t h a t ,  i f  
t h e  r e d u c t i o n  t e s t  i s  t o  b e  e q u a l l y  s u c c e s s f u l ,  i t s  r e s u l t s  m u st  
run r o u g h l y  p a r a l l e l  t o  t h o s e  o f  t h e  p l a t e  c o u n t .
I n  t h e  p r e s e n t  i n v e s t i g a t i o n  t h e  p l a t e  c o u n t  was d e te r m in e d
b y  t h e  m ethod  d e s c r i b e d  i n  B u l l e t i n  4 6  o f  t h e  M i n i s t r y  o f  
A g r i c u l t u r e ^ 2 ®). The m e th y le n e  b l u e  r e d u c t i o n  t e s t s  w ere  
c a r r i e d  o u t  a s  d e s c r i b e d  b y  W ilso n ^ 3 9 ) .
I t  w i l l  b e  s e e n  from  t h e  r e s u l t s  shown i n  T a b le  29  t h a t  th e  
c o r r e l a t i o n  b e tw e en  th e  two t e s t s  i s  r em a rk a b ly  h i g h .  I n  T a b le  
3 0  t h e  f i g u r e s  r e l a t i n g  t o  t h e  s e c o n d  s e r i e s  o f  t e s t s  h a v e  b e e n  
r e c o r d e d  i n  t h e  form  o f  a f r e q u e n c y  t a b l e ,  w h ich  show s t h a t  t h e  
v a l u e s  m o s t ly  f a l l  w i t h i n  a d e f i n i t e  b a n d , and t h a t  t h e  number  
o f  s e r i o u s  d i s c r e p a n c i e s  b e tw e e n  t h e  p l a t e  c o u n t  and th e  r e d u c ­
t i o n  t e s t  i s  n o t  l a r g e .
I n  o r d e r  t o  i l l u s t r a t e  t h e  e x t e n t  o f  s u c h  d i s c r e p a n c i e s  a 
f u r t h e r  t a b l e  has  b e e n  c o n s t r u c t e d  i n  w h ich  t h e  r e d u c t i o n  t im e s  
c o r r e s p o n d in g  t o  c e r t a i n  r a n g e s  o f  p l a t e  c o u n t  a r e  r e c o r d e d  
( T a b le  3 1 ) .  The r a n g e s  c h o s e n  a r e  ( a )  u n d er  3 0 , 0 0 0  p e r  m l . ,
( b )  3 0 , 0 0 0 - 2 0 0 , 0 0 0  p e r  m l . ,  ( c )  2 0 0 , 0 0 0 - 1 , 0 0 0 , 0 0 0  p e r  m l . ,  and  
( d )  o v e r  1 , 0 0 0 , 0 0 0  p e r  m l. I n  T a b le  3 2  t h e s e  f i g u r e s  a r e  
su m m arised  a s  p e r c e n t a g e s .  P e r c e n t a g e s  a r e  a l s o  g i v e n  f o r  t h e  
r e d u c t i o n  t im e s  o f  a l l  s a m p le s  u n d er  and o v e r  2 0 0 ,0 0 0  p e r  m l . ,  
s i n c e  t h i s  f i g u r e  h a s  b e e n  commonly r e g a r d e d  i n  t h e  p a s t  a s  t h e  
u p p e r  l i m i t  f o r  g o o d  q u a l i t y  m i l k s .  F i g u r e s  a r e  i n c lu d e d  
s h o w in g  t h e  p e r c e n t a g e  o f  sa m p le s  w h ich  do n o t  r e d u c e  m e th y le n e  
b l u e  w i t h i n  5  and 6  h o u rs  r e s p e c t i v e l y .  The l a t t e r  f i g u r e  h a s  
b e e n  g i v e n  f o r  c o m p a r iso n  w i t h  W i l s o n ' s  r e s u l t s ;  t h e  5 hour  
f i g u r e  w as s e l e c t e d  b e c a u s e  i t  r e p r e s e n t e d  th e  mean v a l u e  
a d o p te d  i n  t h e  M ilk  ( S p e c i a l  D e s i g n a t i o n s )  O rd er , 1 9 3 6 .
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t h o s e  r e c o r d e d  h y  W ils o n .  As r e g a r d s  t h e  5 hou r  f i g u r e  i t  w i l l  
b e  s e e n  t h a t  i n  t h e  two e x trem e  r a n g e s  t h e r e  i s  a  c l e a r  d i f f e r e n ­
t i a t i o n  b y  t h e  r e d u c t i o n  t e s t .  Of th e  sa m p le s  g i v i n g  p l a t e  
c o u n t s  b e lo w  3 0 ,0 0 0  p e r  m l . ,  96  p e r  c e n t ,  d id  n o t  r e d u c e  
m e t h y le n e  b l u e  w i t h i n  5 h o u r s ,  w h i l e  o f  t h o s e  w i t h  p l a t e  c o u n t s  
a b o v e  1 , 0 0 0 , 0 0 0  p e r  m l.  97  p e r  c e n t ,  r e d u c e d  m e t h y le n e  b l u e  
w i t h i n  t h i s  p e r i o d .  The two m id d le  r a n g e s  shov; a  s i m i l a r  
i n v e r s e  r e l a t i o n s h i p ;  76  p e r  c e n t ,  o f  t h e  s a m p le s  b e tw e e n
3 0 , 0 0 0  and 2 0 0 ,0 0 0  p e r  m l.  d i d  n o t  r e d u c e  m e th y le n e  b lu e  w i t h i n  
5 h o u r s ,  w h i l e  78 p e r  c e n t ,  o f  th e  sa m p le s  b e t w e e n  2 0 0 ,0 0 0  and  
1 , 0 0 0 , 0 0 0  p e r  m l.  r e d u c e d  m e t h y le n e  b lu e  w i t h i n  t h i s  p e r i o d .
T h ere  i s  t h e r e f o r e  an o v e r la p  o f  a b o u t  25 p e r  c e n t ,  among t h e s e  
s a m p le s .  T h is  o v e r l a p  i s ,  h o w e v e r ,  r e d u c e d  t o  a b o u t  10 p e r  
c e n t ,  when t h e  s a m p le s  a r e  c l a s s i f i e d  i n  two g r o u p s ,  i . e .  ab ove  
and b e lo w  2 0 0 ,0 0 0  p e r  m l.  I t  may a l s o  b e  n o t e d  t h a t  o f  t h e  
s a m p le s  g i v i n g  c o u n t s  o f  o v e r  1 , 0 0 0 , 0 0 0  p e r  m l . ,  a b o u t  85  p e r  
c e n t ,  r e d u c e d  m e th y le n e ,  b l u e  w i t h i n  2  h o u r s .
The e q u i v a l e n t  v a l u e s  o f  t h e  p l a t e  c o u n t  and r e d u c t i o n  t e s t  
h a v e  b e e n  d e t e r m in e d  from  r e g r e s s i o n  e q u a t i o n s  and a r e  show n i n  
t h e  l o w e r  p a r t  o f  T a b le  2 9 .  I n  t h e  f i r s t  s e r i e s  t h e  r e d u c t i o n  
t im e  e q u i v a l e n t  t o  a p l a t e  c o u n t  o f  2 0 0 ,0 0 0  p e r  m l .  f a l l s  b e t w e e n  
4-g- and 4^  h o u r s ,  and f o r  th e  s e c o n d  s e r i e s  t h e  v a l u e  i s  5 h o u r s .  
The f i g u r e  i n t e r p o l a t e d  from  W i l s o n ' s  d a t a  i s  r o u g h ly  5-g- h o u r s .  
T h e se  d i s c r e p a n c i e s  a p p ea r  to  b e  d u e  t o  t h e  d i f f e r e n t  d i s t r i b u t i o n  
o f  h i g h  an d  lo w  p l a t e  c o u n t s  i n  t h e  v a r i o u s  s e r i e s .  I n  t h e  
f i r s t  s e r i e s  t h e  c o u n t s  o f  81  p e r  c e n t ,  o f  th e  sa m p le s  f e l l  b e lo w
1 2 0 .
2 0 0 ,0 0 0  p e r  m l . ,  and o n l y  19 p e r  c e n t ,  show ed c o u n t s  ab ove  t h i s  
v a l u e .  The e q u i v a l e n t  f i g u r e s  f o r  t h e  s e c o n d  s e r i e s  w ere  71  
and 2 9  p e r  c e n t . ,  and f o r  W i l s o n ' s  s e r i e s  6 4  and 36  p e r  c e n t ,  
r e s p e c t i v e l y .  S i m i l a r  d i f f e r e n c e s  a r e  found i n  t h e  r e g r e s s i o n  
e q u a t i o n s  r e l a t i n g  r e d u c t i o n  t im e  t o  p l a t e  c o u n t .  For e x a m p le ,  
a r e d u c t i o n  t im e  o f  5 h o u r s  c o r r e s p o n d s  i n  t h e  f i r s t  s e r i e s  t o  
a c o u n t  o f  a b o u t  7 0 ,0 0 0  p e r  m l . ,  i n  t h e  s e c o n d  s e r i e s  t o  a  c o u n t  
o f  1 4 8 ,0 0 0  p e r  m l . ,  and i n  W i l s o n ' s  s e r i e s  to  a c o u n t  o f  o v e r  
d o u b le  t h i s  f i g u r e .  I t  a p p e a r s  t h e r e f o r e  t h a t ,  i f  r e g r e s s i o n  
e q u a t i o n s  a r e  u s e d  t o  r e l a t e  p l a t e  c o u n t s  to  r e d u c t i o n  t i m e s ,  i t  
i s  e s s e n t i a l  t h a t  th e  s a m p le s  exam ined  s h o u ld  c o n s t i t u t e  a  r e ­
p r e s e n t a t i v e  c r o s s - s e c t i o n  o f  t h e  m i l k  s u p p ly .
( 2 )  C om parison  o f  p l a t e  c o u n t  and r e d u c t i o n  t e s t  w i t h  
o t h e r  m e a s u r e s  o f  c l e a n l i n e s s .
I n  o r d e r  t o  d e te r m in e  w h e th e r  t h e  r e d u c t i o n  t e s t  g i v e s  as  
a c c u r a t e  an  i n d e x  o f  t h e  t r u e  c l e a n l i n e s s  o f  m i l k  a s  t h e  p l a t e  
c o u n t ,  i t  i s  n e c e s s a r y  t o  a s c e r t a i n  how f a r  e a ch  o f  t h e s e  t e s t s  
ca n  b e  c o r r e l a t e d  w i t h  o t h e r  m e a s u r e s  o f  c l e a n l i n e s s .  F or  t h i s  
p u r p o s e  two g e n e r a l  m eth od s  w ere em p loyed : ( a )  t h e  t e s t s  h a v e
b e e n  c o r r e l a t e d  w i t h  t h r e e  o t h e r  l a b o r a t o r y  t e s t s ,  i . e .  k e e p in g  
q u a l i t y ,  p r e s u m p t iv e  c o l i f o r m  t e s t  and l a b o r a t o r y  p o s t - p a s t e u r i ­
s a t i o n  c o u n t ;  and ( b )  t h e  t e s t s  h a v e  b e e n  c o r r e l a t e d  w i t h  th e  
c o n d i t i o n s  o f  m i l k  p r o d u c t i o n  a s  Judged b y  farm  i n s p e c t i o n .
( a )  C S r r e l a t i o n  w i t h  o t h e r  t e s t s . K e ep in g  q u a l i t y  and p r e ­
s u m p t iv e  c o l i f o r m  t e s t  w ere  d e te r m in e d  b y  t h e  m eth o d  d e s c r i b e d  
i n  B u l l e t i n  No. 4 6 ^ 2 6 ^. The k e e p in g  q u a l i t y  s a m p le s  w ere  s t o r e d
1 2 1 .
a t  60  P .  a n d  t a s t e d  a t  9 a .m .  an d  6 p .m .  T he  f i n a l  r e s u l t s  
w e re  e x p r e s s e d  i n  ^  d a y s .  L a b o r a t o r y  p o s t - p a s t e u r i s a t i o n  
c o u n t s  w e r e  a l s o  m ade^4 "7^ .
The c o r r e l a t i o n  c o e f f i c i e n t s  a r e  g i v e n  i n  T a b l e  33  A.
B o th  t h e  p l a t e  c o t in t  a n d  t h e  r e d u c t i o n  t e s t  show  a  f a i r l y  h i g h  
c o r r e l a t i o n  w i t h  t h e  k e e p i n g  q u a l i t y  a n d  a n  e q u a l l 3r h i g h  c o r r e ­
l a t i o n  w i t h  t h e  p r e s u m p t i v e  c o l i f o r m  t e s t .  The c o r r e l a t i o n s  
w i t h  t h e  l a b o r a t o r y  p o s t - p a s t e u r i s a t i o n  c o u n t s  a r e  o n l y  m o d e r a t e .  
I t  seem s  p o s s i b l e  t h a t  t h e  e x c e p t i o n a l l y  lo w  c o r r e l a t i o n  w i t h  t h e  
r e d u c t i o n  t e s t  i s  a s s o c i a t e d  w i t h  t h e  e f f e c t  o f  s t o r a g e  t e m p e r a ­
t u r e  on  t h e  r e d u c t i o n  t i m e .  Any d e t e r i o r a t i o n  i n  t h e  m i l k  w h ic h  
i s  d u e  t o  t h e  m u l t i p l i c a t i o n  o f  b a c t e r i a  a t  h i g h  s t o r a g e  t e m p e r a ­
t u r e s  i s  n o t  b e l i e v e d  t o  a f f e c t  t h e  p o s t - p a s t e u r i s a t i o n  c o u n t
/  r r n  \
s e r i o u s l y v ' ,  w here  ( a s  w i l l  be shown l a t e r )  t h e  r e d u c t i o n  t e s t  
i s  a  v e r y  s e n s i t i v e  i n d i c a t i o n  o f  h ig h  s t o r a g e  t e m p e r a t u r e s .
Taken a s  a w h o le ,  h o w ev er ,  t h e  r e s u l t s  show  t h a t  t h e  r e ­
d u c t i o n  t e s t  g i v e s  a s  g o o d  c o r r e l a t i o n s  w i t h  o t h e r  t e s t s  o f  
c l e a n l i n e s s  a s  d o e s  th e  p l a t e  c o u n t .
( b )  C o r r e l a t i o n  w i t h  c o n d i t i o n s  o f  p r o d u c t i o n . D e t a i l e d  i n ­
s p e c t i o n s  w ere  made o f  th e  c o n d i t i o n s  o f  m i l k  p r o d u c t i o n  on t h e  
2 00  fa n n s  o f  th e  f i r s t  s e r i e s .  The s c o r i n g  p l a c e d  m ajor  
e m p h a s is  on t h e  m eth od s  o f  p r o d u c t i o n  (1 5 0  m ark s)  r a t h e r  thanatttiB  
e q u ip m e n t  ( 5 0  m a r k s ) .  P a r t i c u l a r  a t t e n t i o n  was p a i d  t o  t h e  
t r e a t m e n t  o f  u t e n s i l s ,  o n e - t h i r d  o f  t h e  t o t a l  m arks f o r  m eth ods  
o f  p r o d u c t i o n  b e i n g  a l l o t t e d  t o  t h i s  i t e m .
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i n s p e c t i o n  s c o r e s  and p l a t e  c o u n t  o r  r e d u c t i o n  t e s t  a r e ,  w i t h  
th e  e x c e p t i o n  o f  t h a t  f o r  t h e  t o t a l  s c o r e  f o r  m eth od s  o f  o r o -  
d u c t i o n ,  s o  lo w  a s  t o  b e  o f  l i t t l e  s i g n i f i c a n c e .  W ils o n ^ 3 9  ^
fo u n d  s i m i l a r  d i f f i c u l t y  i n  o b t a i n i n g  s a t i s f a c t o r y  c o r r e l a t i o n s  
b e t w e e n  c o n d i t i o n s  o f  p r o d u c t io n  and  t h e  two t e s t s .  He p o i n t e d  
o u t ,  h o w e v e r ,  t h e  v e r y  c o n s i d e r a b l e  e f f e c t  p r o d u c e d  b y  t h e  s to r a g e  
t e m p e r a tu r e  o f  t h e  m i l k  s u b s e q u e n t  t o  p r o d u c t i o n .  I n  t h i s  
i n q u i r y  t h e  t e m p e r a tu r e s  o f  s t o r a g e  w ere  n o t  r e c o r d e d ,  b u t  t h e  
t e m p e r a t u r e s  a t  th e  t im e  o f  t e s t i n g ,  w h ich  r e f l e c t  r o u g h ly  t h e  
t e m p e r a tu r e  o f  s t o r a g e ,  w ere  n o t e d .  The c o r r e l a t i o n  c o e f f i ­
c i e n t s  b e t w e e n  th e  t e m p e r a t u r e s  a t  t im e  o f  t e s t i n g  and th e  two  
t e s t s  w ere  t h e r e f o r e  c a l c u l a t e d .  The r e s u l t s ,  shown i n  T a b le  
33 C , i l l u s t r a t e  t h e  v e r y  marked e f f e c t  o f  s t o r a g e  t e m p e r a tu r e  
on b o t h  p l a t e  c o u n t s  and r e d u c t i o n  t i m e s .  The “e f f e c t  i s  a l s o  
i l l u s t r a t e d  i n  F ig u r e  3 .  From t h i s  f i g u r e  i t  w i l l  b e  s e e n  t h a t  
f o r  e v e r y  i n c r e a s e  o f  4 ° F .  i n  t h e  t e m p e r a tu r e  a t  t e s t i n g  t h e r e  
was on  t h e  a v e r a g e  a d e c r e a s e  i n  r e d u c t i o n  t im e  e q u i v a l e n t  t o  
70  m i n u t e s ,  and an i n c r e a s e  i n  t h e  p l a t e  c o u n t  o f  r o u g h ly  150  
p e r  c e n t .  The e f f e c t  i s ,  a s  m ig h t  b e  e x p e c t e d ,  more m arked i n  
t h e  e v e n i n g  s a m p le s  th a n  i n  t h e  m orn in g  s a m p le s ,  th e  r e s p e c t i v e  
c o r r e l a t i o n  c o e f f i c i e n t s  b e i n g  - 0 . 7 2 4  and - 0 . 4 3 0  f o r  t h e  r e d u c ­
t i o n  t e s t  and + 0 . 4 6 7  and + 0 . 1 5 8  f o r  t h e  p l a t e  c o u n t .  I t  i s  
o b v io u s  t h a t  t h e  t e m p e r a t u r e  o f  s t o r a g e  w i l l  s e r i o u s l y  a f f e c t  t h e  
farm  i n s p e c t i o n  c o r r e l a t i o n s ,  and t h i s  may l a r g e l y  a c c o u n t  f o r  
t h e  lo w  c o r r e l a t i o n  c o e f f i c i e n t s  o b t a i n e d .  M o reo v er , i t  w o u ld  
b e  e x p e c t e d  t h a t  t h e  e f f e c t  w o u ld  b e  more m arked i n  t h e  e v e n in g
44 48  52 5 6 60 64  6  8
T em p eratu re  a t  t e a t i n g  ( nF . )
F i g .  3 .  S c a t t e r  d ia g ra m  i l l u s t r a t i n g  
r e l a t i o n  b e tw e en  r e d u c t i o n  t im e  and  
t e m p e r a tu r e  a t  t e s t i n g .
1 2 3 .
th a n  i n  th e  m o rn in g  s a m p le s .  No d i r e c t  c o m p a r is o n s  a r e  a v a i l ­
a b l e ,  h u t  i t  w i l l  b e  n o t e d  t h a t  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  
m e th o d s  o f  p r o d u c t i o n  w h ich  w ere c a l c u l a t e d  f o r  b o t h  m o rn in g  and  
e v e n i n g  sa m p le s  a r e  lo w e r  th a n  t h o s e  c a l c u l a t e d  f o r  m orn in g  m i l k  
a l o n e .  I n  a d d i t i o n  i t  s h o u ld  b e  n o t e d  t h a t  t h e  t e m p e r a tu r e  o f  
s t o r a g e  a f f e c t s  t h e  r e d u c t i o n  t e s t  t o  a g r e a t e r  d e g r e e  th a n  t h e  
p l a t e  c o u n t .
( 3 )  The e f f e c t  o f  m a s t i t i s  m i l k  on t h e  r e d u c t i o n  t e s t .
I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  r e s u l t s  o f  t h e  r e d u c t i o n  t e s t  
may b e  i n v a l i d a t e d  b y  t h e  p r e s e n c e  o f  abnorm al m i l k ,  and p a r t i ­
c u l a r l y  by m i l k  from  cows a f f e c t e d  w i t h  b o v in e  m a s t i t i s .  I f  
t h i s  w ere  t r u e  i t  w o u ld  c e r t a i n l y  c o n s t i t u t e  a s e r i o u s  c r i t i c i s m  
o f  t h e  t e s t ,  s i n c e  b e t w e e n  60 and 80  p e r  c e n t ,  o f  m ix e d  m i l k
s u p p l i e s  fro m  i n d i v i d u a l  farm s h a v e  b e e n  fo u n d  t o  c o n t a i n
(7 4 )m a s t i t i s  s t r e p t o c o c c i
Abnormal m i l k  m ig h t  i n t e r f e r e  w i t h  t h e  r e s u l t s  o f  th e
r e d u c t i o n  t e s t  i n  o n e  o f  tw o  w a y s :  t h e  p r e s e n c e  o f  c e l l s  i n  t h e
abn orm al m i l k  m ig h t  a f f e c t  th e  r e d u c t i o n  t i m e ,  o r  th e  p r e s e n c e
o f  m a s t i t i s  s t r e p t o c o c c i  m ig h t  m o d ify  t h e  r a t e  o f  r e d u c t i o n  o f
th e  m e th y le n e  b l u e .  As r e g a r d s  c e l l  c o n t e n t ,  t h e  w e i g h t  o f
( 39 )e v i d e n c e  r e v ie w e d  b y  W ils o n  show s t h a t  th e  p r e s e n c e  o f  l a r g e  
num bers o f  l e u c o c y t e s  s h o r t e n s  t h e  r e d u c t i o n  t im e .  W ils o n  
h i m s e l f ,  h o w e v e r ,  o b t a i n e d  somewhat i n d e t e r m i n a t e  r e s u l t s ,  b u t  
a l t h o u g h  on  o c c a s i o n  t h e  p r e s e n c e  o f  t h e  added  c e l l s  s h o r t e n e d  
th e  r e d u c t i o n  t im e ,  i n  no i n s t a n c e  d id  i t  i n c r e a s e  i t .  T h o r n to n  
e t  a l .  fo u n d  t h a t  n e w ly  c a l v e d  cow s' m i l k  and m i l k  a t  th e  end
1 2 4 .
o f  l a c t a t i o n  b o t h  s h o r t e n e d  th e  r e d u c t i o n  t im e .  j
As r e g a r d s  m a s t i t i s  s t r e p t o c o c c i ,  i t  i s  w e l l  r e c o g n i s e d  
t h a t  t h e  p r e v a i l i n g  t y p e  ( S t r .  a g a l a c t i a e ) d o e s  n o t  r e d u c e  j
m e t h y le n e  b l u e  a t  c e r t a i n  d i l u t i o n s ,  and f a i l u r e  t o  r e d u c e  t h e
,  ( 7 6 )
d ye  a t  1 / 2 0 , 0 0 0  d i l u t i o n  i s  o n e  o f  t h e  p r o p e r t i e s  em p lo y ed  f o r
d i f f e r e n t i a t i n g  t h i s  o r g a n ism . T h is  d o es  n o t  im p ly  t h a t  t h e
1 / 2 0 0 , 0 0 0  d i l u t i o n  o f  t h e  d y e  (w h ic h  i s  u s e d  i n  t h e  r e d u c t i o n
t e s t )  w i l l  i n h i b i t  t h e  grow th  o f  S t r .  a g a l a c t i a e . F r a z i e r  and
W h i t t i e r ^ 7 7 ) h a v e  shown t h a t ,  i n  p u r e  c u l t u r e ,  t h e  r e d u c t i o n  o f
m i l k  t o  a p o t e n t i a l  s u f f i c i e n t  t o  d e c o l o u r i s e  m e th y le n e  b l u e
m ig h t  ta k e  up t o  24  h o u r s .  R a m sd e ll  e t  a l .^ 78  ^ h a v e  shown t h a t
m i l k  from  i n f e c t e d  q u a r t e r s ,  t e s t e d  a lm o s t  im m e d ia t e ly ,  f a i l e d  t o
r e d u c e  m e th y le n e  b l u e  w i t h i n  8 h o u r s .  C o n tr a r y  e v i d e n c e  h a s
b e e n  r e c o r d e d  sh ow in g '1 a d e f i n i t e  d e c r e a s e  i n  t h e  q u a l i t y  o f  m i l k
fr o m  i n d i v i d u a l  i n f e c t e d  cow s and i n f e c t e d  q u a r t e r s  a s  d e te r m in e d
b y  t h e  r e d u c t i o n  t e s t .
M ost o f  th e  e v i d e n c e  n o t e d  a b o v e  was o b t a i n e d  e i t h e r  on
s p e c i a l l y  i n o c u l a t e d  s a m p le s  o f  m i l k  o r  on  m i l k  t a k e n  u n d e r
s t e r i l e  c o n d i t i o n s  from  i n d i v i d u a l  i n f e c t e d  co w s. Su ch  r e s u l t s
c a n n o t  b e  d i r e c t l y  a p p l i e d  t o  m ix ed  m i l k s  w here  a n o rm a l b a c t e r i a l ;
f l o r a  may b e  e x p e c t e d  t o  p r e d o m in a te  a n d , s o  t h a t  e v i d e n c e  m ig h t
b e  o b t a i n e d  r e g a r d i n g  t h i s  l a t t e r  p o i n t ,  t h e  s a m p le s  u s e d  i n  th e
p r e s e n t  i n v e s t i g a t i o n  w ere  e x a m in ed  t o  d e t e r m in e  t h e  p r e s e n c e  o r
a b s e n c e  o f  m a s t i t i s  s t r e p t o c o c c i .
I t  was d e c i d e d  t h a t  t h e  c r i t e r i o n  o f  i n f e c t i o n  u s i n g  t h e
( so)
s e l e c t i v e  medium d e v i s e d  b y  Edwards ' s h o u ld  b e  t h e  p r e s e n c e  o f
1 2 5 .
c o l o n i e s  o f  S t r .  a g a l a c t i a e . e i t h e r  t h e  (t - h a e m o l y t i c  or  th e  
n o n - h a e m o l y t i c  v a r i e t i e s .  W ith  t h e  fit t y p e  d i a g n o s i s  was b a s e d  
on  c o l o n y  a p p ea r a n c e  a l o n e ;  i f  t h e  n o n - h a e m o ly t i c  v a r i e t y  was 
s u s p e c t e d  t h e  n a t u r e  o f  t h e  c o lo n y  was v e r i f i e d  b y  f e r m e n t a t i o n  
t e s t s .
I n  t h e  f i r s t  s e r i e s  i t  was p o s s i b l e  t o  o b t a i n  a  j i '  
h a e m o l y t i c  p l a t e  c o u n t .  I n  t h e  s e c o n d  s e r i e s  t h e  p l a t e s  w ere  
i n o c u l a t e d  d i r e c t l y  w i t h  a s a l i n e  s u s p e n s i o n  o f  c e n t r i f u g e d  
d e p o s i t .  T h is  e n a b le d  t h e  s a m p le s  t o  be  d i f f e r e n t i a t e d  i n t o  
t h o s e  sh o w in g  and t h o s e  n o t  sh o w in g  i n f e c t i o n  w i t h  m a s t i t i s ,  
b u t  p r o v i d e d  n o  d e f i n i t e  c o lo n y  c o u n t  o f  t h e  m i l k .
The r e s u l t s  may b e  c o n s i d e r e d  from  two a s p e c t s .  F i r s t l y ,  
c o r r e l a t i o n  c o e f f i c i e n t s  w ere  c a l c u l a t e d  t o  d e t e r m in e  t h e  r e l a ­
t i o n s h i p  b e tw e e n  t h e  - h a e m o l y t i c  c o u n t  and t h e  p l a t e  c o u n t
and  r e d u c t i o n  t e s t s .  I t  w i l l  b e  s e e n  from  t h e  f i g u r e s  i n
T a b le  3 4  t h a t  b o t h  t e s t s  show an u n e x p e c t e d l y  h ig h  c o r r e l a t i o n  
w i t h  t h e  - h a e m o l y t i c  c o u n t ,  a  h i g h  ^ - h a e m o l y t i c  c o u n t  b e i n g  
a s s o c i a t e d  w i t h  a h ig h  t o t a l  p l a t e  c o u n t  and a s h o r t  r e d u c t i o n  
t i m e .  The p r e s e n c e  o f  i n c r e a s i n g  num bers o f  §> - h a e m o l y t i c  
s t r e p t o c o c c i  t e n d s ,  t h e r e f o r e ,  to  s h o r t e n  r a t h e r  th a n  t o  l e n g t h e n  
t h e  r e d u c t i o n  t im e .  F u r t h e r ,  from  th e  r e g r e s s i o n  e q u a t i o n  
x  a  0 . 7 6 2 y  -  0 . 1 4 5  r e l a t i n g  - h a e m o l y t i c  c o u n t  t o  t o t a l  p l a t e  
c o u n t ,  i t  w i l l  b e  n o t e d  t h a t  f o r  a t o t a l  p l a t e  c o u n t  o f  2 0 0 ,0 0 0  
p e r  m l.  t h e  e q u i v a l e n t  £ - h a e m o l y t i c  c o u n t  w ou ld  c o n s t i t u t e  o n l y  
a  s m a l l  f r a c t i o n  o f  t h e  t o t a l  p l a t e  c o u n t ,  n a m ely  a b o u t  3 , 8 0 0  





















0  b o  co














0 5  0 3  














r H  0 3
CO CO 0 0 
P  - H  






• H  * H  
E h E h 
0 0 
































p •  • •H


















A 3 bO 0 0 0
1 Eh 3 •rH 3
- d
• 0 .
O 0 p 0
3 H p rHas > » p > j
• •rH A 3 0 A 3
• bO p p 0 P
o O p 0 E 0
o rH p s £
t - CD E h
CO • t 3 0 ■ d O • d
o 3 £ 3 3
p o as 0 0 0
as t- Eh O
t o • O •  • 3 • •
p O o o 0 O O
as - p o 0 o  o 0 o  o
0  cd £ -  • O t - t - 0 t -1 -
p CO O 3 c o  t o 3 CO CO
p o 0 f t
3  Eh p  c - CO p  p P  P
o  3 cd co 0 0  0 0 0  0
•H  O Eh A 3
P  o p  p f t p  p P P  P
a ( 3  0 3  © 3  0
3  0 p 0 3  0 bO 3  0
' d  p o  p A 3 O  P 3 O  P
0 cd
°  ^
P c p o
Eh H 3 S 3
f t 0 o bO 0  o o 0  o
0 p  0 3 P  P A3 p  p
3  0 as ■H 0  P 0 0  P
H  -H r H  0 == H  0 H  O
«D f f t * 3 o f t  3 P f t  3
>> cd A3 • d O xS
0  r H •  rH 0 • 0 3 • 0
3  O bO f t bO  3 bO  3
0  e Q 0 O 0 O
rH  0 p5 0 33 0 3 1
> »  Cd rH rH
A3 A3 ft &P P £
0 0 0
a CO CO
1 2 6 .
U sin g  t h e  s e c o n d  m ethod o f  c o m p a r is o n ,  c o r r e l a t i o n  c o e f f i ­
c i e n t s  b e tw e e n  t o t a l  p l a t e  c o u n t  and r e d u c t i o n  t e s t  h a v e  b een  
c a l c u l a t e d  f o r  th e  i n f e c t e d  and t h e  n o n - i n f e c t e d  g r o u p s  f o r  b o t h  
t h e  s e r i e s  o f  sa m p le s  (T a b le  3 5 ) .  I t  w i l l  be  s e e n  t h a t  t h e  
c o r r e l a t i o n  c o e f f i c i e n t  i s  h ig h e r  i n  t h e  i n f e c t e d  th a n  i n  t h e  
n o n - i n f e c t e d  g r o u p s .  The p r e s e n c e  o f  i n f e c t e d  m i l k  h a s  n o t  
t h e r e f o r e  m a t e r i a l l y  a f f e c t e d  t h e  c o r r e l a t i o n  b e tw e e n  p l a t e  c o u n t  
and r e d u c t i o n  t im e .
A more s t r i k i n g  i l l u s t r a t i o n  o f  t h i s  f a c t  i s  a v a i l a b l e  from  
a s t u d y  o f  t h e  r e g r e s s i o n  e q u a t i o n s .  T h e se  a r e  g i v e n  i n  
T a b le  3 5 .  They show  t h a t ,  t a k i n g  a p l a t e  c o u n t  o f  2 0 0 ,0 0 0  p e r  
m l . , t h e  e q u i v a l e n t  r e d u c t i o n  t im e s  i n  t h e  f i r s t  s e r i e s  a r e  f o r  
t h e  i n f e c t e d  grou p  3  h r .  56  m in . and f o r  th e  n o n - i n f e c t e d  group  
4  h r .  4 7  m i n . ,  i . e .  t h e  i n f e c t e d  g rou p  r e d u c e d  t h e  m e t h y le n e  b l u e  
more q u i c k l y  th a n  t h e  n o n - i n f e c t e d .  I t  i s ,  h o w e v e r ,  p r o b a b le  
t h a t  t h i s  d i f f e r e n c e  i s  due t o  t h e  s m a l l  number o f  s a m p le s  
i n c l u d e d  i n  t h e  f i r s t  s e r i e s :  i n  th e  s e c o n d  s e r i e s  t h e  e q u i ­
v a l e n t  t im e s  a r e  5 h r .  7 m in . and 5 h r .  6  m in . r e s p e c t i v e l y .
I t  may b e  c o n c lu d e d  t h e r e f o r e  t h a t ,  so  f a r  a s  m ix e d  m i l k s  
a r e  c o n c e r n e d ,  t h e  p r e s e n c e  o f  m i l k  from  h e r d s  c o n t a i n i n g  a n im a ls  
i n f e c t e d  w i t h  s t r e p t o c o c c a l  m a s t i t i s  d o e s  n o t  i n v a l i d a t e  t h e  
m e t h y le n e  b l u e  r e d u c t i o n  t e s t .
( 4 )  The r e l a t i v e  a c c u r a c y  o f  t h e  p l a t e  c o u n t  and the  
r e d u c t i o n  t e s t .
I t  i s  d i f f i c u l t  t o  make an y  d i r e c t  c o m p a r iso n  b e tw e e n  t h e  
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r e l a t i v e l y  l a r g e  i n t e r v a l s  w h ich  a r e  m ea su red  b y  t h e  l a t t e r .
I t  i s  p o s s i b l e  from  t h e  r e g r e s s i o n  e q u a t i o n s  g i v e n  i n  T a b le  29  
t o  e x p r e s s  t h e s e  i n t e r v a l s  i n  term s  o f  t h e  p l a t e  c o u n t .  Thus 
from  t h e  e q u a t i o n  f o r  t h e  se c o n d  s e r i e s  ( x  = - 0 . 2 6 9 y  + 6 . 5 1 4 )  
t h e  e q u i v a l e n t  p l a t e  c o u n t s  f o r  5 and 5-g- h o u r s ’ r e d u c t i o n  t im e  
a r e  1 4 8 ,0 0 0  and 1 0 8 ,0 0 0  p e r  m l. r e s p e c t i v e l y .  T h a t  i s  t o  s a y ,  
t h e  p l a t e  c o u n t  e q u i v a l e n t  t o  th e  5 -h o u r  r e d u c t i o n  i s  ab ou t  
35  p e r  c e n t ,  h i g h e r  th a n  t h a t  g i v e n  b y  t h e  5^—h o u r  r e d u c t i o n .  
S i n c e  t h e  p l a t e  c o u n t s  a r e  e x p r e s s e d  l o g a r i t h m i c a l l y  i n  t h e  
r e g r e s s i o n  e q u a t i o n ,  t h i s  p e r c e n t a g e  d i f f e r e n c e  p e r  hou r  
r e d u c t i o n  t im e  w i l l  h o ld  th r o u g h o u t  a l l  r a n g e s  o f  p l a t e  c o u n t s  
and r e d u c t i o n  t e s t s .  I t  may, h o w e v e r ,  b e  assu m ed  t h a t ,  w here  
m i s t a k e s  o c c u r  i n  d e t e r m in in g  th e  r e d u c t i o n  t im e  t h e y  w i l l  on  
t h e  a v e r a g e  b e  u n l i k e l y  t o  e x c e e d  15 m i n u t e s ,  i . e .  t h e  mean  
o f  tw o ^ -h o u r  o b s e r v a t i o n s ,  w h ich  i n v o l v e s  a  p o s s i b l e  e r r o r  o f  
o n l y  a b o u t  17  p e r  c e n t .
I t  h a s ,  m o r e o v e r ,  b e e n  fo u n d  i n  p r a c t i c e  t h a t  d i s c r e p a n c i e s  
b e t w e e n  d u p l i c a t e  r e d u c t i o n  t e s t s  a r e  v e r y  i n f r e q u e n t .  Of 
3 6 7  d u p l i c a t e  t e s t s  made i n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  3 4 8  g a v e  
i d e n t i c a l  r e d u c t i o n  t i m e s .  E i g h t e e n  d u p l i c a t e s  d i f f e r e d  b y
i  h o u r  and  o n e  b y  1 h o u r .  I t  may a l s o  b e  n o t e d  t h a t  o n l y  t h r e e
o u t  o f  t h e s e  n i n e t e e n  s a m p le s  had r e d u c t i o n  t im e s  o f  l e s s  th a n  
6 h o u r s ,  and  o n l y  two o f  t h e s e  f e l l  w i t h i n  t h e  c r i t i c a l  r a n g e  o f  
4^ t o  5^ h o u r s  w h ic h  form  t h e  p r e s e n t  l i m i t s  f o r  o f f i c i a l l y  
g r a d e d  m i l k s .  I n  t h e  i n t r o d u c t i o n  o f  t h i s  appendix a t t e n t i o n  
was drawn t o  t h e  r e l a t i v e l y  l a r g e  e r r o r s  i n v o l v e d  i n  d e t e r m in in g
p l a t e  c o u n t s .  I t  a p p e a r s  from t h e  above f a c t s  t h a t  th e  
r e d u c t i o n  t e s t ,  a l t h o u g h  i t  i n v o l v e s  an i n h e r e n t  e r r o r  o f  a b o u t  
17 p e r  c e n t ,  due t o  t h e  ^--hour p e r i o d s  b e tw e e n  r e a d i n g s ,  i s  
l i k e l y  t o  g i v e  more c o n s i s t e n t  and more e a s i l y  d u p l i c a t e d  r e s u l t s  
th a n  t h e  p l a t e  c o u n t .
T e s t  recommended f o r  r o u t i n e  b a c t e r i o l o g i c a l  g r a d in g  
a t  f a c t o r i e s .
F or  t h e  g e n e r a l  p u r p o se  o f  c l a s s i f y i n g  m i l k  a c c o r d in g  to  
b a c t e r i o l o g i c a l  q u a l i t y  t h e  m o d i f i e d  m e th y le n e  b l u e  r e d u c t i o n  
t e s t  a p p ea r e d  t o  h ave  o u t s t a n d i n g  a d v a n t a g e s .  T h is  t e s t  seem ed  
t o  f u l f i l  t h e  c r i t e r i a  s u g g e s t e d  i n  t h a t  ( a )  th e  r e s u l t s  show  
r e a s o n a b l e  a g r ee m e n t  w ith  t h o s e  o b t a in e d  b y  t h e  p l a t e  c o u n t ;
( b )  t h e  m o d i f i e d  r e d u c t i o n  t e s t  shows a s  good  an a g r ee m e n t  w i t h  
o t h e r  m e a su r e s  o f  c l e a n l i n e s s  a s  d o e s  t h e  p l a t e  c o u n t ;  ( c )  t h e  
m o d i f i e d  r e d u c t i o n  t e s t ,  when a p p l i e d  t o  m ix e d  m i l k ,  i s  n o t  
i n v a l i d a t e d  b y  t h e  p r e s e n c e  o f  m a s . t i t i a  m i l k ;  and ( d )  th e  
v a r i a b i l i t y  o f  th e  m o d i f i e d  r e d u c t i o n  t e s t  i s  l e s s  th a n  t h a t  o f  
t h e  p l a t e  c o u n t .  I t  m u st  n o t  b e  i n f e r r e d  t h a t  t h e  a u t h o r  
c o n s i d e r s  t h e  p l a t e  c o u n t  t o  be r e d u n d a n t .  I t  v /o u ld , h o w e v e r ,  
a p p e a r  t h a t  i t s  g r e a t e s t  v a l u e  may b e  a s  a su p p le m e n ta r y  t e s t ;  
f o r  e x a m p le ,  t o  t r a c e  o u t  i n d i v i d u a l  s o u r c e s  o f  c o n t a m in a t io n .  
O th er  t e s t s  ( f o r  i n s t a n c e ,  t h e  p r e s u m p t iv e  c o l i f o r m  t e s t ,  th e  
l a b o r a t o r y  p o s t - p a s t e u r i s a t i o n  c o u n t ,  and th e  k e e p in g  q u a l i t y  
t e s t )  a l s o  h a v e  t h e i r  s p e c i a l  u s e s .
I I .  COMPARISON BETWEEN SE N SIT IV IT Y  OF THE PLATE COUNT
AND REDUCTION TEST AS CONDITIONS OF MILK PRODUCTION AND 
OF STORAGE OF THE SAMPLES ARE CHANGED.
I t  h a s  l o n g  b e e n  r e c o g n i s e d  t h a t  c e r t a i n  c o n d i t i o n s  o f
p r o d u c t i o n  a t  t h e  f a r m  a d v e r s e l y  a f f e c t  t h e  b a c t e r i o l o g i c a l
q u a l i t y  o f  m i l k  a n d  t h a t  t h e s e  a d v e r s e  e f f e c t s  c a n  b e  show n  b y
i n c r e a s e s  i n  t h e  p l a t e  c o u n t  a n d  d e c r e a s e  i n  t h e  k e e p i n g  q u a l i t y .
A y e r s ,  Cook a n d  C leram er^4 1  ^ p o i n t e d  o u t  t h e  u s e f u l n e s s  o f  t h e
p l a t e  c o u n t  i n  i n d i c a t i n g  c h a n g e s  i n  c o n d i t i o n s  o f  p r o d u c t i o n  anc
c o n c l u d e d  t h a t  t h e  t h r e e  e s s e n t i a l  f a c t o r s  i n  t h e  p r o d u c t i o n  o f
m i l k  o f  lo w  b a c t e r i a l  c o u n t  w e r e :  ( i )  s t e r i l i s e d  u t e n s i l s ,
( i i )  c l e a n  c o w s ,  e s p e c i a l l y  u d d e r s  and t e a t s ,  and ( i i i )  s m a l l
to p p e d  p a i l s .  They fo u n d  t h a t  u n s t e r i l e  u t e n s i l s  i n t r o d u c e d
t h e  g r e a t e s t  number o f  o rg a n ism s  i n t o  m i l k  a s  shown b y  t h e  c o u n ts
and t h a t  t h e  numbers from  t h i s  s o u r c e  v a r i e d  g r e a t l y .
In  t h e  same way i n  t h i s  c o u n t r y  t h e  p l a t e  c o u n t ,  t h e  k e e p in g
(8 1 }
q u a l i t y  and t h e  p r e s u m p t iv e  c o l i f o r m  t e s t s  h a v e  b e e n  show nv 
t o  r e f l e c t  s o u r c e s  o f  c o n t a m in a t io n  t o  m i l k  on  t h e  fa r m , a s ,  f o r  
e x a m p le ,  d i r t y  ch u rn s  and w e t  han ded  m i l k i n g ,  and h a v e  b een  
u s e f u l  m eth od s  i n  t h e  p a s t  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  s o u r c e
o f  c o n t a m in a t io n .
R e s u l t s  h a v e  b e e n  p r e s e n t e d  i n  t h e  f i r s t  s e c t i o n  w h ich  
sh ow ed  t h a t  t h e  r e d u c t i o n  t e s t  i s  p r o b a b ly  a s  g o o d  a s  an y  r o u t i n e  
t e s t  f o r  t h e  g r a d in g  o f  m i l k ,  and i t  was i n d i c a t e d  t h a t  i t  may
b e  a b e t t e r  t e s t  t h a n  t h e  p l a t e  c o u n t .  I t  t h e r e f o r e  seem ed  
d e s i r a b l e  t o  i n v e s t i g a t e  t h e  s e n s i t i v i t y  o f  t h e  r e d u c t i o n  t e s t
t o  c h a n g in g  c o n d i t i o n s  o f  p r o d u c t io n  on t h e  fa r m . I f  t h e
r e d u c t i o n  t e s t  w ere  n o t ,  a t  l e a s t ,  a s  s e n s i t i v e  a s  t h e  p l a t e
c o u n t  h a s  b e e n  shown t o  be  t o  v a r y i n g  c o n d i t i o n s  o f  p r o d u c t i o n
t h e n  t h e  g e n e r a l  u s e f u l n e s s  o f  t h e  r e d u c t i o n  t e s t  compared w i t h
t h e  p l a t e  c o u n t  f o r  a d v i s o r y  p u r p o s e s  m ig h t  b e  r e d u c e d .  T h o rn to n  
( 8 2  ^e t  a l . ' 1 a p p ea r  t o  be  t h e  o n l y  w o rk ers  who h a v e  a t t e m p t e d  to
i n t e r p r e t  t h e  d i f f e r e n t  s o u r c e s  o f  m i l k  c o n t a m in a t io n  on th e  
farm  i n  term s  o f  t h e  m e th y le n e  b l u e  r e d u c t i o n  t e s t .  T hey c o n ­
c lu d e d  t h a t  a s  c l e a n  m i l k  im provem ent p r o g r e s s e s  b a c t e r i a  from  
t h e  u d d e r  and from  u n s t e r i l e  u t e n s i l s  t e n d  t o  becom e t h e  p r e ­
d o m in a t in g  f l o r a  o f  t h e  m i l k ,  and t h a t  p l a t e  c o u n t s  a r e  a p t  t o  
b e  m i s l e a d i n g  due to  t h e  c lu m p in g  t e n d e n c y  o f  t h e  b a c t e r i a  from  
t h e s e  s o u r c e s .  The r e d u c t i o n  t e s t ,  on t h e  o t h e r  h a n d , b e i n g  
l e s s  i n f l u e n c e d  by c lu m p in g ,  m e a su r es  t h e s e  b a c t e r i a  more 
a c c u r a t e l y  th a n  t h e  p l a t e  c o u n t  d o e s .
I t  h a s  a l s o  b e e n  i n d i c a t e d  p r e v i o u s l y  t h a t  t h e  s t o r a g e  o f
t h e  m i l k  b e f o r e  t e s t i n g  c a n  h ave  a m a s k in g  e f f e c t  on t h e  v a l u e
o f  fa rm  i n s p e c t i o n  when c o r r e l a t e d  w i t h  p l a t e  c o u n t  o r  r e d u c t i o n
t e s t .  S i n c e  farm  i n s p e c t i o n  s c o r e s  s h o u ld  r e f l e c t  c o n d i t i o n s  o f
p r o d u c t i o n  t h e  t e m p e r a t u r e s  o f  s t o r a g e  o f  s a m p le s  b e f o r e  t e s t i n g
w i l l  o b v i o u s l y  b e  o f  im p o r ta n c e  i n  a  c o m p a r is o n  o f  t h e  p l a t e
c o u n t  and r e d u c t i o n  t e s t  a s  farm  m eth od s  a r e  a l t e r e d .  The
im p o r t a n c e  o f  m i l k  c o o l i n g  and s u b s e q u e n t  s t o r a g e  c o n d i t i o n s  h a s
( 81  83}b e e n  e m p h a s is e d  b y  s e v e r a l  w o r k e r s '  ’ ' ,  and i t  a p p ea r e d
t h e r e f o r e  t h a t  i t  w o u ld  b e  n e c e s s a r y  t o  i n q u i r e  i n t o  t h e  e x t e n t  
t o  w h ic h  d i f f e r e n c e s  i n  s t o r a g e  c o n d i t i o n s  w ou ld  a f f e c t  any
c o m p a r is o n  b e tw e e n  t h e  t e s t  f o r  g r a d in g  m i l k  a s  farm  p r o d u c t i o n  
m eth od s  a r e  ch an ged .
The o b j e c t  t h e r e f o r e  o f  t h i s  i n v e s t i g a t i o n  was t o  p r o v i d e  
i n f o r m a t i o n  w h ic h  w ou ld  h e l p  t o  answ er  t h e  q u e s t i o n s  ( 1 )  how 
d o e s  t h e  m e th y le n e  b l u e  r e d u c t i o n  t e s t  com pare w i t h  t h e  p l a t e  
c o u n t  and o t h e r  t e s t s  i n  r e v e a l i n g  c h a n g e s  i n  th e  c o n d i t i o n s  o f  
m i l k  p r o d u c t i o n ,  and ( 2 )  t o  what e x t e n t  do d i f f e r e n c e s  i n  t h e  
c o n d i t i o n s  o f  s t o r a g e  o f  t h e  m i l k  s a m p le s  b e f o r e  t e s t i n g  and t h e  
a g e  o f  t h e  s a m p le s  on t e s t i n g  a f f e c t  t h e  c o m p a r iso n .
(A) GENERAL PLAN OF EXPERIMENT.
I t  was f e l t  t h a t  a c a r e f u l  s t u d y  o f  t h e  m i l k  from  a l i m i t e d  
number o f  cows w o u ld  y i e l d  more r e l i a b l e  r e s u l t s  th a n  t h e  s tu d y  
o f  b u l k  m i l k  from  a  l a r g e r  number o f  a n im a ls  w h ere  t h e  c o n d i t i o n s  
o f  p r o d u c t i o n  c o u ld  n o t  b e  s o  w e l l  c o n t r o l l e d .  W h i l s t  t h e r e  a r e  
c e r t a i n  o b j e c t i o n s ,  t h e  o u t s t a n d i n g  a d v a n ta g e  o b t a i n e d  from  u s i n g  
a s m a l l  number o f  a n i m a l s ,  i . e .  t h e  r e l a t i v e  s i m p l i c i t y  w i t h  
w h ich  t h e  same s ta n d a r d  o f  m i l k  p r o d u c t i o n  c o u ld  b e  r e p r o d u c e d ,  
seem ed  more th a n  t o  c o u n t e r b a la n c e  th e  d i s a d v a n t a g e s .  The cows  
w ere  m i l k e d  t w i c e  d a i l y  and t h e  m i l k  from  e a c h  a n im a l and from  
e a c h  m i l k i n g  was ex a m in ed  a s  a s e p a r a t e  u n i t .  E ach sa m p le  was  
t h e r e f o r e  from  a  s i n g l e  c o w 's  m i l k .
( 1 )  C o n d i t i o n s  o f  m i l k  p r o d u c t i o n .
T h ree  f a c t o r s  o f  c l e a n  m i l k  p r o d u c t i o n  w h ich  a r e  g e n e r a l l y  
a c c e p t e d  t o  b e  th e  m ain  o n e s  i n f l u e n c i n g  m i l k  p r o d u c t i o n ,  v i z .  
b y r e ,  cows and s t e r i l i t y  o f  u t e n s i l s  w ere  v a r i e d .  Thus f o u r
v a r i a b l e s  w ere i n t r o d u c e d : -  ( i )  t h e  b y r e  was c l e a n  o r  d i r t y ;  
( i i )  t h e  cows w ere  c l e a n  o r  d i r t y ;  ( i i i )  th e  u t e n s i l s  w ere  
s t e r i l i s e d  and s t o r e d  i n  t h e  c o l d ,  or  w ere  u n s t e r i l i s e d  and 
s t o r e d  i n  t h e  c o l d ;  ( i v )  o r  th e  u t e n s i l s  w ere  u n s t e r i l i s e d  and 
s t o r e d  i n  t h e  warm. T h ese  f a c t o r s  w ere  a r r a n g e d  i n  d i f f e r e n t  
c o m b in a t io n s  so  a s  t o  p r o v id e  n i n e  e x p e r im e n t a l  p e r i o d s ,  e a c h  o f  
w h ic h  l a s t e d  f o r  7  t o  8 days ( T a b le  3 6 ) .
TABLE 3 6 .
C o n d i t io n s  o f  p r o d u c t i o n .
C le a n
M o d e r a t e ly
c l e a n
M o d e r a t e ly
d i r t y
V e ry
d i r t y
P e r io d
No.
Byre Cows U t e n s i l s S t o r a g e  o f  
U t e n s i l s
l a
l b C lea n C le a n S t e r i l e C old
2 C lea n D i r t y S t e r i l e C old
3 D i r t y D i r t y S t e r i l e C old
4 C lea n C le a n U n s t e r i l e C o ld
5 D i r t y D i r t y U n s t e r i l e C old
6 C lea n C le a n U n s t e r i l e Warm
7 D ir t y C le a n U n s t e r i l e Warm
8 C le a n D i r t y U n s t e r i l e Warm
9 D ir t y D i r t y U n s t e r i l e Warm
The f i r s t  p e r i o d  ( r e p r e s e n t i n g  i d e a l  c o n d i t i o n s )  was d u p l i ­
c a t e d  a t  t h e  en d  o f  th e  i n v e s t i g a t i o n  and a c t e d  a s  a c o n t r o l .
The e x p e r im e n t  e x t e n d e d  o v e r  t w e l v e  w eek s from  O c to b e r  1537  t o  
J a n u a ry  1938  and i n  A p r i l  1 9 3 8 . A l t o g e t h e r  a b o u t  1 ,2 0 0  sa m p le s
w ere  ex a m in ed .
The s m a l l  cow b y r e  u s e d  f u l f i l l e d  t h e  r e q u ir e m e n t s  o f  a good  
m odern m i l k i n g  b y r e .  ’When c l e a n  b y r e  c o n d i t i o n s  w ere  o p e r a t i n g  
t h e  s t a n d a r d  o f  c l e a n l i n e s s  was s i m i l a r  t o  t h a t  w h ich  m ig h t  b e  
e x p e c t e d  on t h e  b e s t  g r a d e d  m i l k  p r o d u c e r s ’ p r e m i s e s .  When 
d i r t y  c o n d i t i o n s  w ere  r e q u i r e d  s t r a w  and manure w ere  a l l o w e d  t o  
a c c u m u la te  and th r o u g h o u t  t h e  p e r i o d  c o n d i t i o n s  becam e i n c r e a s ­
i n g l y  d i r t y .  I n  no c a s e ,  h o w e v e r ,  w ere  t h e  f i l t h y  w i n t e r  b y r e  
c o n d i t i o n s ,  w here cows s t a n d  on o l d  m anure, r e a c h e d ,  a s  i t  was 
f e l t  t h a t  s u c h  a lo w  s ta n d a r d  o f  h y g ie n e  i s  b e c o m in g  o b s o l e t e  
among t h e  o r d in a r y  m i lk  p r o d u c e r ,  and i t  i s  now a  s p e c i a l  r a t h e r  
th a n  a g e n e r a l  c a s e  a s  i t  was 25 y e a r s  a g o .
Two A y r s h i r e  cow s f r e e  from  m a s t i t i s  w ere  u s e d  f o r  e a c h
p e r i o d  o f  t h e  e x p e r im e n t ,  and q u a r t e r  s a m p le s  o f  t h e s e  a n im a ls  
th r o u g h o u t  had a  lo w  c o u n t ,  85 p e r  c e n t ,  o f  t h e  sa m p les  b e i n g  
b e lo w  50 0  p e r  m l . , w h i l e  t h e  h i g h e r  c o u n t s  a l l  f e l l  b e lo w  2 ,0 0 0  
p e r  m l.  A l t o g e t h e r  f i v e  d i f f e r e n t  c o w s ,  a l l  o f  w h ic h  w ere  i n  
t h e  l a s t  h a l f  o f  t h e i r  l a c t a t i o n ,  w ere  em p lo y ed  and w ere  u s e d  f o r
t h e  d i f f e r e n t  p e r i o d s  i n  t h e  f o l l o w i n g  o r d e r : -
P e r i o d  No- o f  1 s t  No. o f  2nd P e r i o d  No. o f  1 s t  No. o f  2nd
Cow Cow Cow Cow
l a  C D 5  A B
l b  A B 6  C D
2  A B 7  C D
3  C D 8 A B
4  C E 9  A B
D u r in g  t h e  o p e r a t i o n  o f  ' ' c l e a n ” c o n d i t i o n s  t h e  cow s w ere  
w ash ed  and groomed b u t  t h i s  was e n t i r e l y  o m i t t e d  d u r in g  t h e  
" d i r t y "  p e r i o d .
The same u t e n s i l s  w ere  u s e d  th r o u g h o u t  and c o n s i s t e d  o f  two 
c o v e r e d  m i l k i n g  p a i l s ,  one f o r  e a c h  cow, a  m e t a l  m i l k  s t r a i n e r  
and a  t u b u la r  w a te r  c o o l e r .  I t  was th o u g h t  t h a t  u t e n s i l s  s t o r e d  
i n  th e  c o l d  m ig h t  r e d u c e  t h e  d e t r i m e n t a l  e f f e c t  o f  u n s t e r i l i t y  
i n  t h e  r e s u l t i n g  m i l k  sa m p le s  h a n d le d  i n  th em , s i n c e  i n  some 
S c o t t i s h  d i s t r i c t s  w here c o l d  n i g h t  t e m p e r a t u r e s  p r e v a i l  f o r  
m o st  o f  t h e  y e a r  and where t h e  d ay  sh ad e  t e m p e r a tu r e  i s  u s u a l l y  
lo w  e x c e p t  f o r  a few  w eek s i n  t h e  summer, i t  h a s  b e e n  fo u n d  
d i f f i c u l t  o f t e n  t o  o b t a i n  a r e a l l y  p o o r  s a m p le  o f  m i l k  from  some 
f a r m s ,  a l t h o u g h  i t  i s  d o u b t f u l  w h e th e r  t h e  u t e n s i l s  w e re  e v e n  
s c a l d e d .  A tte m p ts  w ere  made t o  e s t i m a t e  t h e  c o n t a m in a t io n  
d e r i v e d  from  t h e  u t e n s i l s  u n d er  t h e  d i f f e r e n t  c o n d i t i o n s  o f  
s t e r i l i t y .  R i n s i n g s  w ere  t h e r e f o r e  t a k e n  w i t h  s t e r i l e  s a l i n e  
and t e s t e d  im m e d ia t e ly .  I t  w i l l  b e  s e e n  from  t h e  d a t a  g i v e n  
b e lo w  t h a t  when t h e  u t e n s i l s  were s te a m e d  ( P e r i o d s  l a  and 3 )
P er io d  S tr a in e r  and c o o le r*  M ilk in g  p a i l s *
Mo. M o.of organ- Presum ptive Mo.o f  o r g a n -  P r e s u m p t iv e
i s m s  a s  shown c o lifo r m  i s m s  a s  show n c o l i f o r m
b y  p la t e  c o u n t  t e s t  p er  m l. by p l a t e  c o u n t  t e s t  p e r  m l.
to  be p r e se n t  o f  r in s in g  t o  b e  p r e s e n t  o f  r i n s i n g
on u t e n s i l s  w ater on u t e n s i l s  w a te r
l a  -  N ot found -  N ot fo u n d
3  _  n h _  ii n
4  1 2 0 ,0 0 0  " 9 2 ,0 0 0  " "
6 1 8 , 7 0 0 , 0 0 0  + 7lQ0 1 2 , 3 5 0 , 0 0 0  + ylQQ
6  4 0 0 , 0 0 0  N ot round 5 , 8 0 0 , 0 0 0  N ot fo u n d
7 1 8 , 0 0 0 , 0 0 0  " " 3 8 , 0 0 0 , 0 0 0  " »
9  2 4 0 , 0 0 0 , 0 0 0  ♦  V1 0 j0 0 0  1 , 5 0 0 , 0 0 0 , 0 0 0  +
*  2 l i t r e s  o f  s t e r i l e  s a l i n e  w ere  u s e d  f o r  r i n s i n g
b o t h  t h e  s t r a i n e r  and c o o l e r  and t h e  m i l k i n g  > a i l s .
t h e y  w ere  p r a c t i c a l l y  s t e r i l e ,  b u t  when u n s t e r i l i s e d  th e  number 
o f  b a c t e r i a  w h ich  m ig h t  b e  added  t o  t h e  m i l k  from  t h e  u t e n s i l s  
c o u l d  v a r y  c o n s i d e r a b l y .
When s t e r i l i s e d  u t e n s i l s  w ere  r e q u ir e d  t h e  u s u a l  m eth od s  o f  
w a s h in g ,  r i n s i n g  and s t e r i l i s i n g  b y  s tea m  w ere  r i g i d l y  e n f o r c e d  
a f t e r  e a ch  m i l k i n g .  Where u n s t e r i l e  u t e n s i l s  w e re  r e q u i r e d  th e y  
w ere  o n ly  r i n s e d  w i t h  c o l d  w a t e r ,  and w ere  s t o r e d  a t  e i t h e r  a 
warm te m p e r a tu r e  i n  a b o i l e r  h o u s e ,  t h e  r a n g e  o f  w h ich  v a r i e d  
m a in ly  b e tw e e n  68 and 7 8 ° P . , o r  a t  a  c o ld  te m p e r a tu r e  se ld o m  
much ab ove  5 0 °P .  A bout h a l f - w a y  th ro u g h  p e r i o d s  6  t o  9 ,  w here  
u n s t e r i l i s e d  u t e n s i l s  s t o r e d  i n  t h e  warm w ere  u s e d ,  i t  was fo u n d  
a d v i s a b l e ,  b e c a u s e  o f  t h e  a c c u m u la t iv e  e f f e c t ,  p a r t i a l l y  t o  
s t e r i l i s e  t h e  u t e n s i l s .  They w ere  s c r u b b e d  i n  c o l d  w a t e r  and 
p l a c e d  i n  th e  l a b o r a t o r y  s t e a m e r  f o r  a b o u t  2 m i n u t e s ,  and t h e n  
r e p l a c e d  i n  t h e  b o i l e r  h o u se  i n  a w e t  c o n d i t i o n  a s  b e f o r e .
F or  c o n v e n ie n c e  o f  s t a t i s t i c a l  t r e a t m e n t  t h e  n i n e  e x p e r i ­
m e n t a l  p e r i o d s  h a v e  b e e n  r e - g r o u p e d  i n t o  f o u r  m a in  p e r i o d s ,  
w h ic h  h a v e  f o r  s i m p l i c i t y  b e e n  d e s i g n a t e d :  c l e a n ,  m o d e r a t e ly
c l e a n ,  m o d e r a t e ly  d i r t y  and v e r y  d i r t y .
C le a n  p e r i o d s  l a  and l b  had  e x a c t l y  t h e  same s t a n d a r d  o f  
c l e a n l i n e s s  d u r in g  m i l k i n g ,  i . e .  c l e a n  b y r e ,  cows and u t e n s i l s
M o d e r a t e ly  c l e a n  p e r i o d s  2  and 3 w ere  v e r y  s i m i l a r  t o  t h e  
c l e a n  p e r i o d  e x c e p t  t h a t  t h e  sa m p le s  f o r  p e r i o d  2 w ere  
m il k e d  from  d i r t y  cows and f o r  p e r i o d  3 w ere  m i lk e d  when 
t h e  b y r e  was d i r t y .
M o d e r a t e ly  d i r t y  p e r i o d s  4  and 5 . The d i f f e r e n c e  h e r e  was 
i n  t h e  u n s t e r i l i t y  o f  t h e  u t e n s i l s  w h ich  w ere  s t o r e d  i n  t h e  
c o l d  and i n  a d d i t i o n  f o r  p e r i o d  5 t h e  b y r e  and cow s w ere  
d i r t y .
V ery  d i r t y  p e r i o d s  6 t o  9 - I n  a l l  c a s e s  t h e  u t e n s i l s  
w ere  n o t  s t e r i l i s e d  and w ere  s t o r e d  i n  t h e  warm. The 
c l e a n l i n e s s  o f  t h e  b y r e  and cows v a r i e d  and w ere  e i t h e r  
b o t h  c l e a n  o r  b o t h  d i r t y ,  or  i f  t h e  cov/s w ere  c l e a n  t h e  
b y r e  was d i r t y  and v i c e  v e r s a .
( 2 )  C o n d i t io n  o f  s t o r a g e  and a g e  o f  m i l k  s a m p le s  on t e s t i n g .
M orning sa m p le s  w ere  s t o r e d  u n d e r  f o u r  d i f f e r e n t  c o n d i ­
t i o n s
A was t e s t e d  im m e d ia te ly  a f t e r  m i l k i n g  when i t  was a t  t h e  
m o st  2 h o u r s  o l d .  The r e s u l t s  sh o u ld .,  t h e r e f o r e ,  i n d i c a t e  t h e  
i n i t i a l  c o n t a m in a t io n  o f  t h e  sa m p le  w i t h o u t  t h e  f a c t o r  o f  
b a c t e r i a l  g ro w th  h a v in g  had t h e  o p p o r t u n i t y  t o  o p e r a t e ,  s i n c e  t h e  
m i l k  had  had  no a p p r e c i a b l e  s t o r a g e  p e r i o d  and  t h e  t e m p e r a tu r e  
a t  v /h ich  i t  was h e l d  b e f o r e  t e s t i n g  was lo w .
B was h e l d  u n t i l  t h e  n e x t  m o r n in g ,  i . e .  f o r  2 6  h o u r s ,  a t  a 
c o l d  room te m p e r a tu r e  o f  53 t o  5 8 ° F .  The mean t e m p e r a tu r e  o f  t h e  
m i l k  on t e s t i n g  was 5 5 °F . w h ich  f u r t h e r  p r o v i d e s  an i n d i c a t i o n  o f  
t h e  f a i r l y  u n ifo r m  te m p e r a tu r e  o f  s t o r a g e .
C was a l s o  h e l d  f o r  2 6  h o u r s  b e f o r e  i t  was t e s t e d  b u t  a t  a 
h i g h e r  t e m p e r a tu r e  o f  7 2 ° F .  T h is  t e m p e r a tu r e  was s e l e c t e d  t o  
i n d i c a t e  t h e  d i f f e r e n c e s  w h ich  m ig h t  b e  e x p e c t e d  i f  t h e  m i l k  was 
s u b j e c t e d  t o  ( 1 )  h ig h  s e a s o n a l  t e m p e r a t u r e s ,  ( 2 )  h i g h  t e m p e r a t u r e  
o f  s t o r a g e  b y  t h e  consum er o r  ( 3 )  i f  t h e r e  w ere  no p r o p e r  c o o l i n g  
f a c i l i t i e s  on t h e  farm .
F was h e l d  u n d er  t h e  same c o n d i t i o n s  a s  B, i . e .  a t  c o l d  
room te m p e r a tu r e  u n t i l  6 p .m . , a f t e r  w h ic h  i t  was s t o r e d  a t  a b o u t  
3 2 ° F .  u n t i l  26 h o u r s  o l d ,  when i t  was t e s t e d .
E v e n in g  sa m p le s  w ere  s t o r e d  u n d er  tw o d i f f e r e n t  c o n d i t i o n s : -
D was s t o r e d  a t  c o l d  room te m p e r a t u r e ,  b u t  was t e s t e d  v/hen 
18 h o u r s  o l d .  H ence t h e  r e s u l t s  o f  s a m p le s  B and D s o  f a r  a s  
t h e  c o n d i t i o n s  o f  s t o r a g e  i n f l u e n c e  them a r e  c o m p a r a b le ,  e x c e p t  
t h a t  D was s t o r e d  f o r  8 h o u rs  l e s s  th a n  B.
E was k e p t  a t  7 2 °F .  l i f e  s a m p le s  C, w i t h  w h ic h  t h e  r e s u l t s  
may b e  c o m p a r a b le ,  e x c e p t  t h a t  E was s t o r e d  f o r  18 h o u r s  o n ly  
b e f o r e  t e s t i n g .
I t  may be n o t e d  t h a t  s a m p le s  F and D. w e re  s t o r e d  and t e s t e d  
u n d e r  c o n d i t i o n s  s i m i l a r  t o  t h o s e  r e q u i r e d  b y  t h e  M ilk  ( S p e c i a l  
D e s i g n a t i o n s )  Order 1936  f o r  E n glan d  and W a le s .
S am p les  A and D w ere  t e s t e d  u n d er  c o n d i t i o n s  w h ich  w ould  
f a l l  w i t h i n  t h e  s l i g h t l y  d i f f e r e n t  r e q u ir e m e n t s  o f  t h e  same O rder  
f o r  S c o t l a n d .  The S c o t t i s h  O rder r e q u i r e s  t h a t  m o rn in g  m i l k  
s h o u l d  b e  t e s t e d  w i t h i n  12  h o u r s  o f  m i l k i n g  and e v e n i n g  m i lk  
w i t h i n  18  h o u r s ,  b u t  t h a t  i f  t h e  t e s t s  a r e  d e l a y e d  a f t e r  t h e  
s a m p le s  a r e  d e l i v e r e d  t o  t h e  l a b o r a t o r y  t h e y  m u st b e  k e p t  a t  
from  0  t o  5°C .
( 3 )  L a b o r a to r y  t e s t s  u s e d .
The f o l l o w i n g  t e s t s  w e re  em p loyed  f o r  a l l  s a m p le s
( 1 )  The p l a t e  c o u n t .
( 2 )  The m o d i f i e d  m e th y le n e  b l u e  r e d u c t i o n  t e s t
a t  3 7  C.
iS) The p r e s u m p t iv e  c o l i f o r m  t e s t .4 )  The k e e p in g  q u a l i t y  t e s t .  05 ;  The m e th y le n e  b l u e  r e d u c t i o n  t e s t  a t  60  F.
The tech n iq u e  t h r o u g h o u t  was s i m i l a r  t o  t h a t  g iv e n  e a r l i e r  in
( 3 9 )
t h e  A p p e n d ix ,e x c e p t  t h a t  £ - s t r e n g t h  R i n g e r ' s  s o l u t i o n * 1 v/as u s e d
1 3 8 .
i n s t e a d  o f  s a l i n e  f o r  d i l u t i o n  b la n k s  and y e a s t r e l ^ ^  r e p l a c e d
lem co  i n  t h e  m i l k  a g a r .  The d i l u t i o n s  u s e d  v a r i e d  a c c o r d i n g  t o
t h e  sa m p le ,  and e x t e n d e d  t o  —^ rr f o r  some p e r i o d s  o f  t h e
1 0 '
e x p e r im e n t .
The m e th y le n e  b l u e  r e d u c t i o n  t e s t  a t  6 0 °F .  was s e t  up 
e x a c t l y  a s  f o r  th e  t e s t  a t  37°C . The t u b e s  w ere  b r o u g h t  t o  th e  
d e s i r e d  te m p e r a tu r e  and p l a c e d  i n  r a c k s  i n  an  i n c u b a t o r ,  and 
o b s e r v e d  a t  9 a .m . and 6 p .m . T h is  t e s t  had  b e e n  n o t e d  i n  
1 9 3 3 t o  g i v e  g o o d  a g reem en t w i t h  t h e  a p p e a r a n c e  o f  t a i n t  i n  
t h e  k e e p in g  q u a l i t y  t e s t .  L a t e r  i t  was shown^8 5  ^ t h a t  o n ly  
when th e  c o rk ed  t u b e s  a r e  i n v e r t e d  a t  l e a s t  t w i c e  d a i l y  was a 
c l o s e  r e l a t i o n s h i p  b e tw e e n  t h e  r e d u c t i o n  t e s t  a t  1 5 .5 ° C .  and 
k e e p i n g  q u a l i t y ,  a s  d e te r m in e d  b y  t a s t e ,  o b t a i n e d .  A c c o r d i n g l y  
f o r  5 p e r i o d s  t u b e s  w ere s e t  up i n  d u p l i c a t e  and th e  tu b e s  o f  
o n e  s e r i e s  w ere  i n v e r t e d  t v / i c e  a t  e a c h  r e a d i n g ,  w h i l e  t h e  o t h e r s  
w ere  n o t .
The r e s u l t s  o f  t h e  p l a t e  c o u n t  a f t e r  t h e  m i l k  h a d  b e e n  
p a s t e u r i s e d  i n  t h e  l a b o r a t o r y  w ere  v e r y  low  th r o u g h o u t  and t h e r e ­
f o r e  t h e  c o u n t s  c o u ld  n o t  be  u s e d  a s  a  b a s i s  f o r  c o m p a r iso n  
b e t w e e n  t h e  d i f f e r e n t  p e r i o d s  and m e th o d s  o f  s t o r a g e .  O nly  o n e  
c o u n t  e x c e e d e d  1 ,0 0 0  p e r  m l.  w h i l e  o n l y  a b o u t  4  t o  10  c o l o n i e s  
grew  on m o st  o f  t h e  \ o  m l* d i l u t i o n  p l a t e s .  A n d erso n  and  
M ean w ell^ 4 ^  s t a t e  t h a t  " h e a t  r e s i s t a n t  o r g a n is m s  f r e q u e n t l y  
o r i g i n a t e  from t h e  s u r f a c e  o f  u n s t e r i l i s e d  u t e n s i l s "  and t h e y  
show ed  t h a t  when u t e n s i l s  a r e  s t e r i l i s e d  and a r e t u r n  was made 
t o  fa rm  r o u t i n e  m eth o d s  o f  c l e a n i n g  w h ich  d id  n o t  i n c l u d e
s t e r i l i s a t i o n ,  some days e l a p s e d  b e f o r e  h e a t  r e s i s t a n t  o rg a n ism s  
r e a p p e a r e d  i n  s i g n i f i c a n t  numbers i n  t h e  m i l k .  I t  i s  p r o b a b le  
t h a t  t h e  same f a c t o r s  o p e r a t e d  i n  t h i s  e x p e r im e n t  and t h a t  th e  
p e r i o d s  w ere  n o t  o f  s u f f i c i e n t  l e n g t h  f o r  h e a t  r e s i s t a n t  b a c t e r i a  
t o  a c c u m u la t e  i n  l a r g e  numbers on t h e  u n s t e r i l e  u t e n s i l s .  I t  
c a n n o t  b e  show n, t h e r e f o r e ,  what c o n d i t i o n s  o f  m i l k  p r o d u c t i o n  
a r e  r e s p o n s i b l e  f o r  t h e s e  b a c t e r i a  g a i n i n g  a c c e s s  t o  th e  u t e n s i l s  
o r  w h at f a c t o r s  c o n t r o l  t h e i r  d e v e lo p m e n t  on t h e  u t e n s i l s  and 
i n  t h e  m i l k  sa m p le s  b e f o r e  t e s t i n g .  Such i n f o r m a t i o n  w ould  
h a v e  b e e n  o f  i n t e r e s t  i n  v ie w  o f  th e  im p o r ta n c e  o f  h e a t  r e s i s t a n t  
s t r e p t o c o c c i  i n  s p r a y  d r i e d  m i lk  pow der.
" S p re a d e r s"  due t o  b a c t e r i a  o f  th e  a e r o b i c  s p o r e f o r m in g  
group  w ere  v e r y  e v i d e n t  i n  a t  l e a s t  50  p e r  c e n t ,  o f  t h e  
d i l u t i o n  p l a t e s  o f  a l l  t h e  p e r i o d s  e x c e p t  i n  t h e  c o n t r o l  p e r i o d s .  
I t  a p p ea r e d  t h a t  a l t h o u g h  d i r t y  b y r e s ,  cows and u t e n s i l s  a l l  
seem ed  to  c o n t r i b u t e  t o  t h e  p r e s e n c e  o f  a e r o b i c  s p o r e f o r m e r s  
t h e y  w e re  more e v i d e n t  when t h e  cows and b y r e s  w ere  d i r t y  th a n  
when t h e  u t e n s i l s  a l o n e  w ere  d i r t y .  T h is  was o n l y  t o  be  
e x p e c t e d  S in c e  h a y  and s t r a w  a r e  known t o  be  one o f  t h e  m ain  
s o u r c e s  o f  t h e  s p o r i n g  a e r o b e s ,  t h e ' h a y  b a c i l l u s ' b e i n g  o n e  o f  
t h e  o l d  nam es f o r  B . s u b t l l i s , and c o n t a m in a t io n  from  b o t h  h ay  
and s t r a w  m ig h t  g a i n  e n t r a n c e  i f  t h e  b y r e s  and cow s w ere  d i r t y .  
The p o i n t  o f  e n t r y  o f  t h e s e  o r g a n is m s  i s  o f  i n t e r e s t  b e c a u s e  o f  
t h e i r  s i g n i f i c a n c e  i n  t h e  m a n u fa c tu r e  o f  e v a p o r a t e d  m i l k  and  
ca n n ed  cream .
( B )  RESULTS AND D ISC U SSIO N .
C om p arison  b e tw e e n  s e n s i t i v i t y  o f  t h e  p l a t e  c o u n t  and o f  t h e  
r e d u c t i o n  t e s t . ------------------------------------------
( i )  On a. p e r c e n t a g e  b a s i s . F i r s t l y ,  t h e  r e s u l t s  o f  t h e  m e th y ­
l e n e  b l u e  r e d u c t i o n  t e s t  and t h e  p l a t e  c o u n t  f o r  t h e  d i f f e r e n t
c o n d i t i o n s  o f  p r o d u c t i o n  and s t o r a g e  h a v e  b e e n  com pared on  a 
p e r c e n t a g e  b a s i s  a s  shown i n  T a b le  3 7 .  A r b i t r a r y  r a n g e s  o f  
t h e  p l a t e  c o u n t  w ere c h o s e n ,  and t h e  m e th y le n e  b l u e  r e d u c t i o n  
t i m e s  e q u i v a l e n t  t o  t h e s e  r a n g e s  h a v e  b e e n  c a l c u l a t e d  from  t h e
r e g r e s s i o n  e q u a t i o n  g i v e n  i n  T a b le  29 (p a g e  1 1 8 )  f o r  b u lk  m i lk .
The r e l a t i v e  s e n s i t i v i t y  o f  t h e  two t e s t s  t o  a l t e r a t i o n s  i n  
p r o d u c t i o n  and s t o r a g e  c o n d i t i o n s  i s  shown from  t h e  d i s t r i b u t i o n  
o f  t h e  sa m p le s  i n  t h e  d i f f e r e n t  r a n g e s  o f  t h e  two t e s t s .  The 
c h a n g e s  i n  d i s t r i b u t i o n  o f  t h e  sa m p le s  w i l l  be  s e e n  from  T a b le  
3 7  t o  h a v e  o c c u r r e d  a s  p r o d u c t io n  m eth ods  w ere  p r o g r e s s i v e l y  
a l t e r e d  from  " c l e a n ” t o  " v ery  d i r t y " .
I f  t h e  r e s u l t s  f o r  sa m p le s  r e t a i n e d  a t  7 2 °F .  f o r  26 h o u r s  
p r i o r  t o  t e s t i n g  (Group C) a r e  e x a m in e d ,  i t  w i l l  b e  s e e n  t h a t  
t h e  r e d u c t i o n  t e s t  a p p ea rs  t o  b e  c o n s i d e r a b l y  m ore s e n s i t i v e  t o  
i n c r e a s i n g l y  d i r t y  m eth od s  o f  p r o d u c t i o n .  T h is  i s  e s p e c i a l l y  
m arked i n  t h e  v e r y  d i r t y  p e r i o d s  ( 6  to  9 ) ,  w h ere  t h e  u t e n s i l s  
a r e  u n s t e r i l i s e d  and s t o r e d  i n  t h e  warm and t h e  b y r e  a n d /o r  cows  
a r e  d i r t y .  I t  w i l l  b e  s e e n  t h a t  4 2  p e r  c e n t ,  o f  t h e  p l a t e  
c o u n t s  a r e  o v e r  1 0 , 0 0 0 , 0 0 0  w h e r ea s  t h e  c o r r e s p o n d in g  f i g u r e  
f o r  t h e  r e d u c t i o n  t e s t  ( i . e .  o f  i  h o u r  o r  u n d e r )  i s  a lm o s t
TABLE 3 7 .
S a m p le s  a n d  
c o n d i t i o n s  
o f  s t o r a g e  
b e f o r e  
t e s t i n g
A t  7 2  P.
f o r  26  
h o u r s
E
A t  7 2  P .
f o r  18 
h o u r s
B
I n  c o l d  
room  f o r  
26 h o u r s
I n  c o l d  
room  f o r  
18  h o u r s
I n  c o l d  
ro o m  f o r  
10  h r s .  a t  
3 2 ° F .  t i l l  
26 h r s . o l d
T e s t e d  im ­
m e d i a t e l y  
a f t e r  
m i l k i n g
P l a t e  C o u n t P E R I  0  D S
a t  37°C . l a  & l b 2 & 3 4  4 5
CLEAN MODERATELY MODERATEI 
CLEAN DIRTY
% %
B elow  3 0 ,0 0 0 55 40 44
3 0 , 0 0 0 -  2 0 0 ,0 0 0 39 32 26
2 0 0 , 0 0 1 -  1 , 0 0 0 , 0 0 0 3 21 15
1 , 0 0 0 , 0 0 1 - 1 6 , 0 0 0 ,0 0 0  
O v e r  1 0 , 0 0 0 , 0 0 0
3 7 15
No. o f  s a m p l e s 29 28 27
B elow  3 0 ,0 0 0 100 93 8 2
3 0 , 0 0 0 -  2 0 0 ,0 0 0  
2 0 0 , 0 0 1 -  1 , 0 0 0 , 0 0 0  
1 , 0 0 0 , 0 0 1 - 1 0 , 0 0 0 , 0 0 0  
O ver 1 0 ,0 0 0 ,0 0 0
7 11
7
No. o f  s a m p le s 31 28 28
B elow  3 0 ,0 0 0 97 96 8 6
3 0 , 0 0 0 -  2 0 0 ,0 0 0  
2 0 0 , 0 0 1 -  1 , 0 0 0 , 0 0 0  
1 , 0 0 0 , 0 0 1 - 1 0 , 0 0 0 , 0 0 0  




No. o f  s a m p le s 29 28 28
B elo w  3 0 ,0 0 0  
3 0 , 0 0 0 -  2 0 0 ,0 0 0  
2 0 0 , 0 0 1 -  1 , 0 0 0 , 0 0 0  
1 , 0 0 0 , 0 0 1 - 1 0 , 0 0 0 , 0 0 0  
O v e r  1 0 , 0 0 0 ,0 0 0
100 100 90
10
N o. o f  s a m p le s 31 26 28
B elow  3 0 ,0 0 0 100 93 89
3 0 , 0 0 0 -  2 0 0 ,0 0 0  
2 0 0 , 0 0 1 -  1 , 0 0 0 , 0 0 0  
1 , 0 0 0 , 0 0 1 - 1 0 , 0 0 0 , 0 0 0  
O v e r  1 0 , 0 0 0 ,0 0 0
7 ‘ 11
No. o f  s a m p l e s 28 28 27
B elo w  3 0 ,0 0 0  
3 0 , 0 0 0 -  2 0 0 ,0 0 0  
2 0 0 , 0 0 1 -  1 , 0 0 0 , 0 0 0  
1 , 0 0 0 , 0 0 1 - 1 0 , 0 0 0 , 0 0 0  
O v e r  1 0 , 0 0 0 , 0 0 0
100 100 93
7
No. o f  s a m p l e s 29 29 27
M e tn y ie n e P E R I 0 D S
6 - 9 B lu e  Re­ l a  & l b 2 & 3 4  & 5 6 - 9
VERY d u c t i o n CLEAN MODERATELY MODERATELY VERY
DIRTY Time a t % CLEAN DIRTY DIRTY
% 3 7  C. % % %
9 7 ^ -h rs .  & o v e r 21 18 14 2
5 7 - 5  h r s . 42 28 25
10 4 ^ - 3 ^  h r s . 28 40 14 5
3 4 3 - 1  h r s . 9 14 3 6 17
4 2 i  h r . o r  u n d e r 11 76
58 33 28 28 58
34 h r s . &  o v e r 71 79 68 11
13 7 - 5  h r s . 26 21 18 9
18 4 ^ - 3 - |  h r s . 14 4
19 3 - 1  h r s . 3 27
16 £  h r . o r  u n d e r 49
5 6 35 28 28 55
5 0 7 i  h r s . &  o v e r 96 100 96 37
11 7 - 5  h r s . 4 4 10
17 4 ^ - 3 ^  h r s . 2
15 3 - 1  h r s . 28
7 £  h r . o r  u n d e r 23
54 28 25 27 57
66 h r s . &  o v e r 100 9 6 100 60
1 4 7 - 5  h r s . 4 17
11 h r s . 7
7 3 - 1  h r s . 14
2 i  h r . o r  u n d e r 2
55 33 27 26 54
51 7 ?  h r s . &  o v e r 100 100 9 6 63
24 7 - 5  h r s . 4 10
7 4^-3-g- h r s . 10
1 6 3 - 1  h r s . 15
2 h r .  o r  u n d e r 2
55 28 23 27 51
60 7 %  h r s . &  o v e r 100 100 96 73
16 7 - 5  h r s . 4 13
14 4 ^ - 3 ^  h r s . 12
10 3 - 1  h r s . 2
h r .  o r  u n d e r
58 27 24 25 52
d o u b le d  and i s  7 6  p e r  c e n t .  T h is  i s  show n a l s o  i n  th e  mode­
r a t e l y  c l e a n  p e r i o d s  ( 2  and 3 ) ,  w here  4 0  p e r  c e n t ,  o f  th e  p l a t e  
c o u n t s  a r e  b e lo w  3 0 ,0 0 0  b u t  o n l y  18 p e r  c e n t ,  o f  t h e  r e d u c t i o n  
t e s t s  a r e  i n  t h e  c o r r e s p o n d i n g . r a n g e  o f  7% h o u r s  o r  o v e r .
The r e s u l t s  o f  t h e  sa m p le s  r e t a i n e d  a t  7 2 °P .  f o r  18  h o u r s  
b e f o r e  t e s t i n g  (Group E ) show t h i s  same g e n e r a l  e f f e c t .
The sa m p le s  w h ich  h ave  b e e n  s t o r e d  a t  room te m p e r a tu r e  n ay  
b e  c o n s i d e r e d  t o g e t h e r .  Group B h a s  b e e n  h e l d  f o r  26 h o u r s  
b e f o r e  t e s t i n g  and Group D f o r  18 h o u r s .  I t  w i l l  b e  s e e n  t h a t  
t h e  r e d u c t i o n  t e s t  i s  a g a in  th e  more s e n s i t i v e  o f  t h e  t w o , b u t  
t h a t  t h e  d i f f e r e n c e s  i n  s e n s i t i v i t y  a r e  o n l y  o b t a i n e d  u n d e r  th e  
v e r y  d i r t y  c o n d i t i o n s  o f  p r o d u c t i o n  w i t h  u n s t e r i l i s e d  u t e n s i l s  
s t o r e d  i n  t h e  warm. I f  t h e  s a m p le s  a r e  p r o d u c e d  b y  c l e a n  
c o n d i t i o n s  ( l a  and l b )  o r  b y  m o d e r a t e ly  c l e a n  or  m o d e r a t e ly  
d i r t y  m e th o d s ,  t h e r e  i s  v e r y  l i t t l e  d i f f e r e n c e  b e t w e e n  th e  
r e s p o n s e  o f  t h e  two t e s t s .
T h ere  a p p e a r s  t o  be  l i t t l e  d i f f e r e n c e  b e t w e e n  t h e  t e s t s  i n  
t h e i r  r e s p o n s e  t o  c o n d i t i o n s  o f  p r o d u c t i o n  th r o u g h o u t  a l l  t h e  
s a m p le s  w h ich  w ere  h e l d  a t  room te m p e r a tu r e  f o r  t h e  f i r s t  10  
h o u r s  and  w ere  t h e n  p l a c e d  i n  t h e  r e f r i g e r a t o r  ( 3 2 ° P . ) .  W ith  
t h e s e  s a m p le s  (Group P ) i n  t h e  c l e a n  p e r i o d s  100 p e r  c e n t ,  o f  
t h e  s a m p le s  o f  b o t h  t e s t s  f e l l  i n t o  t h e  b e s t  r a n g e ,  i . e .  b e lo w  
3 0 , 0 0 0  f o r  t h e  p l a t e  c o u n t  and 7^ h o u r s  o r  o v e r  f o r  t h e  r e d u c t i o n  
t e s t .  U nder t h e  v e r y  d i r t y  p e r i o d  a l s o ,  t h e  t e s t s  a r e  v e r y  
s i m i l a r  i n  t h e i r  s e n s i t i v i t y ,  f o r  25 p e r  c e n t ,  i n  t h e  c a s e  o f  
t h e  p l a t e  c o u n t s  and 2 7  p e r  c e n t ,  i n  t h e  c a s e  o f  t h e  r e d u c t i o n  
t e s t s  a r e  p l a c e d  i n  t h e  l a s t  t h r e e  d i v i s i o n s  o f  th e  r a n g e .
1 4 2 .
Prom a  s tu d y  o f  t h e  r e s u l t s  o b t a i n e d  from  s a m p le s  t e s t e d  
im m e d ia t e ly  a f t e r  m i l k i n g  (Group A) v e r y  d i r t y  m eth od s  a r e  
i n d i c a t e d  m o st  r e a d i l y  b y  th e  p l a t e  c o u n t .  T h is  m ig h t  b e  
e x p e c t e d ,  s i n c e  t h e  p l a t e  c o u n t  m e a s u r e s  numbers and n o t  a c t i v i t  
o f  b a c t e r i a  and m o st  o f  th e  b a c t e r i a  h a v e  g a in e d  e n t r a n c e  t o  
t h e  m i l k  j u s t  p r i o r  t o  th e  t e s t  and h e n c e  t h e i r  a c t i v i t y  i s  
p r o b a b ly  lo w . However, u n d er  t h e  o t h e r  c o n d i t i o n s  o f  p r o ­
d u c t i o n  w h ere , f o r  i n s t a n c e ,  th e  u t e n s i l s  a r e  u n s t e r i l i s e d  and 
s t o r e d  i n  th e  c o l d  and t h e  cows and b y r e  a r e  e i t h e r  c l e a n  o r  
d i r t y  ( 4  and 5 ) ,  t h i s  a p p a r e n t ly  g r e a t e r  s e n s i t i v i t y  o f  t h e  
p l a t e  c o u n t  i s  n o t  fo u n d .
I t  w i l l  be  n o t e d  t h a t  w i t h  t h e  e x c e p t i o n  o f  s a m p le s  s t o r e d  
a t  7 2 ° F .  b o t h  t e s t s  a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  d i r t y  c o n d i ­
t i o n s  o f  p r o d u c t i o n .  I n  m o st  g ro u p s  a t  l e a s t  50  p e r  c e n t ,  
o f  t h e  p l a t e  c o u n t s  o f  t h e  v e r y  d i r t y  s a m p le s  f a l l  b e lo w  3 0 , 0 0 0  
and h a v e  r e d u c t i o n  t im e s  o f  o v e r  7 i  h o u r s .
I n  o t h e r  w ords i t  i s  shown t h a t  m i l k  p r o d u c e d  i n  d i r t y  
b y r e s  from  d i r t y  cows w i t h  u n s t e r i l e  u t e n s i l s ,  i f  i t  i s  k e p t  
c o l d ,  w i l l  a p p ea r  b o t h  b y  th e  p l a t e  c o u n t  and b y  t h e  r e d u c t i o n  
t e s t  t o  b e  o f  t h e  b e s t  g r a d e .  T h is  f a c t  r e i n f o r c e s  th e  
im p o r t a n c e  o f  u s i n g  r e l a t i v e l y  s e v e r e  s t o r a g e  c o n d i t i o n s  when  
an y  a t t e m p t  i s  made to  ju d g e  p r o d u c t i o n  m eth o d s  b y  e i t h e r  t e s t ,  
and i t  f u r t h e r  i n d i c a t e s  t h a t  t h e  g r a d in g  o f  m i l k  i n  t h e  w i n t e r  
m on ths o r  i n  r e l a t i v e l y  c o l d  d i s t r i c t s  a s ,  f o r  i n s t a n c e ,  i n  th e
n o r t h  o f  E n g la n d  o r  i n  S c o t l a n d  i s  o f  d o u b t f u l  v a l u e  a s  an
i n d e x  o f  c l e a n l i n e s s  o f  p r o d u c t io n  u n l e s s  som e i n c u b a t i o n  o f  
t h e  m i l k  o c c u r s  p r i o r  t o  t e s t i n g .
( i i )  U s in g  in d e x  nu m bers. The s e c o n d  m eth od  o f  s t u d y i n g  t h e  
d i f f e r e n t  e f f e c t  o f  c h a n g e s  i n  p r o d u c t i o n  o r  i n  s t o r a g e  on th e  
m i l k  t e s t s  made i n  t h i s  s tu d y  was b y  th e  u s e  o f  i n d e x  num bers.  
Marks w ere  a l l o c a t e d  t o  t h e  mean v a l u e  o f  t h e  l o g a r i t h m  o f  t h e  
p l a t e  c o u n t  and to  t h e  mean v a l u e  o f  th e  r e d u c t i o n  t im e s  a t  
37°C . and 6 0 ° P .  and o f  th e  k e e p in g  q u a l i t y  a t  6 0 °P .  f o r  e a c h  
p e r i o d  and e a c h  c o n d i t i o n  o f  s t o r a g e  s e p a r a t e l y .  The l o w e s t  
v a l u e  o f  t h e  c o u n t  and t h e  h i g h e s t  v a l u e  o f  a l l  t h e  o t h e r  t e s t s  
w ere  awarded 1 0 0 ,  and marks w ere  g i v e n  t o  t h e  r e m a in d e r  o f  t h e  
v a l u e s  p r o p o r t i o n a t e l y .
The t r e a t m e n t  o f  t h e  d a t a  b y  t h i s  m eth o d  d i d  n o t  a p p ea r  
s a t i s f a c t o r y  and i t  was n o t  u s e d  f o r  t h e  d e t a i l e d  c o m p a r is o n s ,  
a s ,  f o r  e x a m p le ,  b e tw e e n  th e  s e n s i t i v i t y  o f  t h e  p l a t e  c o u n t  
and t h e  k e e p i n g  q u a l i t y  when t h e  b y r e s  and cow s w e re  d i r t y  and  
t h e  s a m p le s  w ere  t e s t e d  im m e d ia t e ly  a f t e r  m i l k i n g .  I t  was  
p o s s i b l e ,  h o w e v e r ,  t o  draw some g e n e r a l  c o n c l u s i o n s  from  a  s t u d y  
o f  t h e  i n d e x  m arks.
( l )  I t  a p p ea r e d  t h a t  u n s t e r i l e  u t e n s i l s  had  a g r e a t e r  e f f e c t  
on  t h e  q u a l i t y  o f  t h e  m i l k  a s  shown b y  t h e  d i f f e r e n t  t e s t s  th a n  
any o t h e r  c o n d i t i o n  o f  p r o d u c t i o n .  The a d v e r s e  e f f e c t  o f  t h e  
u n s t e r i l e  u t e n s i l s  was m o s t  marked when t h e  b y r e s  and cows w ere  
d i r t y ,  b u t  i t  was a l s o  im p o r t a n t  when t h e  b y r e s  and cows w ere  
c l e a n .  When t h e  e f f e c t  o f  s t o r i n g  u n s t e r i l e  u t e n s i l s  i n  t h e  
warm was com pared w i t h  s t o r i n g  them  i n  t h e  c o l d  t h e  e f f e c t  was
shov/n t o  b e  a s  d e t r i m e n t a l  a s  t h a t  p r o d u ce d  b y  u n s t e r i l e  
u t e n s i l s  compared w i t h  s t e r i l e  o n e s .
( 2 )  D i r t y  b y r e s  and cows w ere shov/n t o  h a v e  a r e l a t i v e l y  s m a l l  
e f f e c t  on  t h e  r e s u l t s  o f  t h e  d i f f e r e n t  t e s t s  when t h e  u t e n s i l s  
w ere  c l e a n  a n d , i n  f a c t ,  u n s t e r i l e  u t e n s i l s  a p p ea r e d  t o  o u tw e ig h  
t h e  e f f e c t  o f  d i r t y  cows and b y r e s .  S in c e  th e  " d i r t i n e s s "  o f  
t h e  u t e n s i l s  c o u ld  n o t  b e  k e p t  as u n i fo r m  a s  th e  " d i r t i n e s s "  o f  
t h e  b y r e s  and c o w s ,  t h i s  f a c t  o b v i o u s l y  c o n t r i b u t e d  t o  th e  l a c k  
o f  c o n s i s t e n c y  w h ich  was n o t e d  i n  t h e  r e s u l t s .
( 3 )  When a s s e s s e d  b y  th e  in d e x  number m eth od  t h e  r e d u c t i o n  
t e s t  a t  37°C . was u s u a l l y  th e  m o st  s e n s i t i v e  o f  t h e  t e s t s  t o  
c h a n g in g  c o n d i t i o n s  o f  p r o d u c t i o n  and t h e  p l a t e  c o u n t  was o f t e n  
t h e  l e a s t  s e n s i t i v e .  The s e n s i t i v i t y  o f  t h e  k e e p i n g  q u a l i t y  
and r e d u c t i o n  t e s t s  a t  6 0 °P .  w e r e ,  a s  m ig h t  b e  e x p e c t e d ,  a b o u t  
e q u a l .
( 4 )  The e x a m in a t io n  o f  t h e  e f f e c t  o f  t h e  d i f f e r e n t  c o n d i t i o n s  
o f  s t o r a g e  on th e  l a b o r a t o r y  t e s t s  show ed t h a t  f o r  t h e  f o u r  
m a in  p e r i o d s  t h e  r e s u l t s  o f  th e  r e d u c t i o n  t e s t  a t  37°C . w ere  
t h e  m o s t  c o n s i s t e n t .
( i i i )  U s in g  c o r r e l a t i o n  c o e f f i c i e n t s . The t h i r d  m eth o d  u s e d  t o  
com pare t h e  r e l a t i o n s h i p  o f  t h e  m e t h y le n e  b lu e  r e d u c t i o n  t e s t  a t  
3 7 °C . and t h e  p l a t e  c o u n t  t o  c o n d i t i o n s  o f  p r o d u c t i o n  and s t o r a g e  
c o n s i s t e d  o f  c a l c u l a t i n g  th e  c o r r e l a t i o n  c o e f f i c i e n t s  u s i n g  an 
a r b i t r a r y  s c a l e  o f  marks t o  a s s e s s  p r o d u c t i o n  m eth od s  q u a n t i t a ­
t i v e l y .  In  a w a rd in g  t h e s e  marks f o r  m eth o d s  o f  p r o d u c t i o n  t h e  
c l e a n  p e r i o d s  s c o r e d  1 0 0 ,  and 80  p e r  c e n t ,  o f  t h e  m a rk s  w e re
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a l l o c a t e d  f o r  s t e r i l i t y  o f  u t e n s i l s  and t e m p e r a t u r e  o f  s t o r a g e  
o f  u t e n s i l s .  T h is  h ig h  s c o r e  f o r  u t e n s i l s  may a p p e a r  t o  b e  o u t  
o f  p r o p o r t i o n ,  b u t  i t  was g i v e n  a f t e r  a  c a r e f u l ,  and more o r  
l e s s  q u a n t i t a t i v e ,  s tu d y  o f  t h e  e f f e c t s  o f  t h e  d i f f e r e n t  f a c t o r s  
had  b e e n  made by th e  in d e p e n d e n t  m ethod  o f  in d e x  numbers o u t ­
l i n e d  a b o v e .
The r e s u l t s  o f  t h e  c o r r e l a t i o n s  a r e  shown i n  T a b le  3 8 .
I t  w i l l  b e  s e e n  t h a t  i n  g e n e r a l  th e  r e s u l t s  c o n f ir m  t h o s e  o f  
T a b le  3 7  b u t  a r e  l e s s  c o n s i s t e n t ,  e s p e c i a l l y  w i t h  s a m p le s  B and 
D. T h e se  g ro u p s  g i v e  o p p o s i t e  r e s u l t s  w h ic h  a r e  d i f f i c u l t  to  
e x p l a i n .  Under t h e  s e v e r e  c o n d i t i o n s  o f  s t o r a g e  (C and E) t h e  
r e d u c t i o n  t e s t  shows th e  g r e a t e r  s e n s i t i v i t y  t o  m eth od s  o f  
p r o d u c t i o n ,  w h erea s  u n d er  t h e  m ost f a v o u r a b l e  c o n d i t i o n s  o f  
s t o r a g e ,  w here th e  sa m p le s  a r e  t e s t e d  im m e d ia t e ly  a f t e r  m i l k i n g ,  
t h e  p l a t e  c o u n t  g i v e s  th e  h ig h e r  v a l u e s  o f  r .  T h is  w o u ld  be  
e x p e c t e d  f o r  t h e r e  h a s  b e e n  no t im e  f o r  t h e  b a c t e r i a l  a c t i v i t y ,  
a s  i n d i c a t e d  by th e  r e d u c t i o n  t e s t ,  t o  i n c r e a s e  b e f o r e  t e s t i n g ,  
a l t h o u g h  l a r g e  numbers o f  o rg a n ism s  may b e  p r e s e n t .
F i n a l l y  i t  may b e  o f  i n t e r e s t  t o  c o n s i d e r  b r i e f l y  t h e  
c o r r e l a t i o n  c o e f f i c i e n t s  b e tw e en  t h e  v a r i o u s  t e s t s  w h ic h  a r e  
shown i n  T a b le  3 9 .  I t  w i l l  be  s e e n  t h a t  t h e  v a l u e s  a r e  s i m i l a r  
t o  t h o s e  o b t a i n e d  b y  o t h e r  w o r k e rs  i n  t h i s  f i e l d  who h a v e  b a s e d  
t h e i r  c o n c l u s i o n s  on e x p e r im e n ts  w i t h  m ix ed  m i l k ,  a l t h o u g h  t h e  
c o e f f i c i e n t s  a r e  i n  some i n s t a n c e s  p e r h a p s  som ewhat lo w e r  th a n  
m ig h t  b e  a n t i c i p a t e d .  I t  i s  r e a s o n a b l e  t o  a s su m e, t h e r e f o r e ,  
t h a t  t h e  u s e  o f  s i n g l e  cow sa m p les  i n  t h e  p r e s e n t  w o r k  h a s  n o t  
s e r i o u s l y  i n v a l i d a t e d  t h e  r e s u l t s .  She e f f e c t  o f  s t o r a g e  c o n -
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d i t i o n s ,  b o t h  a s  r e g a r d s  t im e  and t e m p e r a t u r e ,  on t h e  c o r r e l a ­
t i o n s  i s  c l e a r l y  shov/n, t h e  more s e v e r e  c o n d i t i o n s  u s u a l l y  
g i v i n g  t h e  h i g h e r  c o r r e l a t i o n s .
1 4 7 .
S U M M A R Y .
PART I .  INTRODUCTION.
1 .  The m eth od s  a d o p te d  to  s t o r e  and p r e s e r v e  s u r p l u s  m i l k  i n  
a c o n c e n t r a t e d  form  a r e  d i s c u s s e d .
2 .  A d e s c r i p t i o n  i s  g i v e n  o f  t h e  m a n u fa c tu r e  and s a l i e n t  p o i n t s  
i n  t h e  c o n t r o l  o f  m ic r o - o r g a n is m s  c a u s i n g  d e t e r i o r a t i o n  on  
s t o r a g e  i n  c o n c e n t r a t e d  m i l k  p r o d u c t s .  In  p a r t i c u l a r  i t  i s  
p o i n t e d  o u t  t h a t  s w e e t e n e d  c o n d e n s e d  m i l k  i s  n o t  a s t e r i l e  p r o ­
d u c t  and t h a t  th e  a im  o f  t h e  m a n u fa c tu r e r  i s  t o  h a v e  s u f f i c i e n t  
c o n c e n t r a t i o n  o f  s u c r o s e  i n  t h e  f i n a l  p r o d u c t  t o  i n h i b i t  t h e  
g ro w th  o f  th e  s u r v i v i n g  o r g a n is m s .  On t h e  o t h e r  h an d , i n  t h e  
p r o d u c t i o n  o f  e v a p o r a t e d  m i l k ,  a l t h o u g h  th e  m e th o d s  u s e d  f o r  r e ­
m o v in g  w a te r  a r e  s i m i l a r  t o  t h o s e  em p loyed  i n  th e  m a n u fa c tu r e  o f  
s w e e t e n e d  c o n d e n s e d  m i l k ,  t h i s  p r o c e s s  a im s a t  t h e  t o t a l  d e s t r u c ­
t i o n  o f  t h e  m i l k  f l o r a  b y  s te a m  s t e r i l i s a t i o n .  I t  i s  p o i n t e d  
o u t  t h a t  b a c t e r i a l  s p o i l a g e  may o c c u r  i n  e v a p o r a t e d  m i l k  a s  a 
r e s u l t  o f  t h e  s u r v i v a l  o f  h e a t  r e s i s t a n t  s p o r e f o r m e r s  or  t o  o t h e r  
b a c t e r i a  w h ich  may g a i n  e n t r a n c e  t o  t h e  t i n s  a f t e r  h e a t i n g .  I t  
i s  a l s o  shown t h a t  i n  t h e  p r o d u c t i o n  o f  c a n n e d  crea m  t h e  sam e  
p r i n c i p l e  i s  em p loyed  a s  f o r  t h e  m a n u fa c tu r e  o f  e v a p o r a t e d  m i l k  
i n  o r d e r  t o  o b t a i n  a  p r o d u c t  o f  i n d e f i n i t e l y  l o n g  k e e p i n g  q u a l i t y .
3 .  The m ethod  o f  p r o c e s s i n g  and t h e  s a l i e n t  p o i n t s  o f  c o n t r o l  
i n  t h e  p r e s e r v a t i o n  o f  m i l k  b y  d r y in g  a r e  d i s c u s s e d .  P a r t i c u l a r  
r e f e r e n c e  i s  made t o  t h e  p r o d u c t i o n  o f  s p r a y  d r i e d  m i l k  pow d er .
PART I I .  CONCENTRATED MILK PRODUCTS.
1 .  A s u r v e y  o f  e v a p o r a t e d  m i l k  and can n ed  cream s a m p le s  from  
t h r e e  c o n d e n s e d  m i l k  f a c t o r i e s  and from  g e n e r a l  s o u r c e s  h a s  b e e n  
u n d e r t a k e n  to  d e t e r m in e  t o  w h at e x t e n t  n o n - s t e r i l i t y  o c c u r r e d
i n  c o m m e rc ia l  p r a c t i c e .  In  a d d i t i o n  t o  t h e  e x a m in a t io n  o f  
sou n d  sa m p le s  many o t h e r s  h a v e  b e e n  t e s t e d  w hich  w ere  o b v i o u s l y  
d e f e c t i v e  o r  w hich  w ere  a s s o c i a t e d  w i t h  d e f e c t i v e  p a c k s .  100  
p e r  c e n t ,  o f  t h e  t i n s  ex a m in ed  from  g e n e r a l  s o u r c e s  w ere  s t e r i l e .  
The f a c t o r y  s a m p le s ,  e s p e c i a l l y  t h o s e  o f  can n ed  cream , had  a 
l o w e r  s t e r i l i t y  p e r c e n t a g e ,  a l t h o u g h  i t  a p p e a r e d  t h a t  t h i s  was 
a s s o c i a t e d  w i t h  some s p e c i a l  c i r c u m s t a n c e  o f  o p e r a t i o n  and t h a t  
a s t e r i l e  p a c k  s h o u ld  o r d i n a r i l y  b e  q u i t e  a t t a i n a b l e .
2 .  An a c c o u n t  i s  g i v e n  o f  t h e  m eth od s  u s e d  f o r  s a m p l in g  t h e  
c a n  c o n t e n t s  and f o r  t h e  r e c o v e r y  o f  b a c t e r i a  from  u n s t e r i l e  
c a n s  and t h e i r  i d e n t i f i c a t i o n .  The n e c e s s i t y  f o r  a l a r g e  
in o c u lu m  i n  s u c h  s a m p l in g  i s  e m p h a s is e d  s i n c e  a l t h o u g h  t h e  
b a c t e r i a  may s u r v i v e  f o r  many m onths i n  t h e  t i n s  t h e y  may be  
p r e s e n t  i n  s m a l l  nu m bers.
3 .  D a ta  i s  p r e s e n t e d  r e g a r d i n g  t h e  t y p e s  o f  d e f e c t i v e  s a m p le s  
e n c o u n t e r e d  and t h e  a s s o c i a t e d  b a c t e r i o l o g i c a l  f l o r a .  " B lo a t s "  
i n  e v a p o r a t e d  m i l k  and t h i n  p u t r i d  cream  w ere  t h e  two m ain  
c a u s e s  o f  s p o i l a g e  e n c o u n t e r e d .
4 .  By u s i n g  th e  h e a t  r e s i s t a n c e  o f  th e  o r g a n is m s  w h ic h  w ere  
r e c o v e r e d  from  the c a n s  a s  a b a s i s  o f  c l a s s i f i c a t i o n  t h e  d e f e c t s  
have been  d iv id ed  i n t o  two g r o u p s ,  n a m ely  ( l )  a m ix ed  g e n e r a l
f l o r a  w h ic h  do n o t  w i t h s t a n d  h ig h  t e m p e r a t u r e s  and ( 2 )  a 
r e s t r i c t e d  h e a t  r e s i s t a n t  f l o r a  w h ic h  a r e  o f  t h e  s p o r e f o r m in g  
t y p e .
5 .  The s p o i l a g e  d u e  to  n o n - s p o r e f o r m e r s  h a s  b een  shov/n to  
c o n s i s t  c h i e f l y  o f  " b lo a t s "  a n d /o r  c u r d l i n g .  A w id e  v a r i e t y  
o f  b a c t e r i a  w ere  i s o l a t e d  from  t h e s e  d e f e c t s ,  s i n c e  s u c h  
o r g a n is m s  g a i n  a c c e s s  t o  t h e  c a n  d u r in g  th e  c o o l i n g  p r o c e s s  
th r o u g h  l e a k s  c a u s e d  b y  bad  se a m in g  or  f a u l t y  s e a l i n g .  S t r a i n s  
o f  t h e  E s c h e r i c h i a  g en u s  w e r e ,  h o w e v e r ,  t h e  com m onest p r o d u c e r s  
o f  g a s s y  s p o i l a g e .
6 . A lth o u g h  8 0  a e r o b i c  o r  f a c u l t a t i v e  s p o r e f o r m e r s  h a v e  b e e n  
i s o l a t e d  from  sound  and d e f e c t i v e  c a n s ,  o n l y  2  c u l t u r e s  o f  
a n a e r o b i c  s p o r e f o r m e r s  h a v e  b e e n  o b t a i n e d ,  b o t h  o f  w h ic h  w ere  
from  sou n d  c a n s .  The a n a e r o b ic  s p o r e f o r m e r s  w h ic h  s u r v i v e d  
p r o c e s s i n g  a r e  n o t  t h e r e f o r e  o f  im p o r t a n c e .  The a e r o b i c  
s p o r e f o r m e r s  w ere  a l l  o f  t h e  same g e n e r a l  t y p e ,  6 9  p e r  c e n t ,  
b e i n g  s t r a i n s  o f  B. s u b t i l i s .  and 15 p e r  c e n t ,  s t r a i n s  o f  B. 
l i c h e n l f o r m i s . The c o n d i t i o n  o f  t h e  c o n t e n t s  i n  t h e  can s  
from  w h ic h  t h e s e  a e r o b i c  s p o r e f o r m e r s  h a v e  b e e n  i s o l a t e d  was 
i n  some i n s t a n c e s  s o u n d ,  b u t  when i t  was d e f e c t i v e  i t  v a r i e d  
from  a sm o o th  s o f t  c l o t  t o  a t h i n  c o n s i s t e n c y ,  t h e  s m e l l  and  
f l a v o u r  b e i n g  p u t r i d  o r  b i t t e r .  The r e l a t i o n s h i p  b e tw e e n  
a e r o b i c  s p o r e f o r m e r s  and t h e  d e f e c t s  was i n v e s t i g a t e d  b y  t h e  
i n o c u l a t i o n  o f  3 1  s t r a i n s  o f  t h e s e  o r g a n is m s  i n t o  s o u n d  e v a ­
p o r a t e d  m i l k  and ca n n ed  cream . I n o c u l a t e d  c a n s  w ere  in c u b a t e d
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f o r  up t o  18 months and a c l e a r  c o n n e x io n  b e tw e e n  th e  tw o was 
n o t  fo u n d  t o  e x i s t  i n  a l l  i n s t a n c e s .  One o u t s t a n d i n g  d e f e c t ,  
h o w e v e r ,  t h a t  o f  b i t t e r n e s s  o f  f l a v o u r  a s s o c i a t e d  w i t h  t h i n n e s s ,  
h a s  b e e n  in d u c e d .  W ith some s t r a i n s  o f  B. s u b t i l i s  a s l i g h t l y  
p u t r i d  f l a v o u r  d e v e lo p e d  s l o w l y ,  b u t  t h i s  was v a r i a b l e ,  and w i t h  
some o f  t h e  o t h e r  a e r o b i c  s p o r e f o r m e r s  a s o f t  c l o t  was fo u n d  i n  
e v a p o r a t e d  m i l k .  S l i g h t l y  "blown" ca n s  r e s u l t e d  i n  a l l  can s  
i n o c u l a t e d  w i t h  B. l i c h e n i f o r m i s .
8 .  The v a r i a b l e  p r o d u c t io n  o f  s p o i l a g e  i n  e v a p o r a t e d  m i l k  and  
ca n n ed  cream  b y  the i n o c u l a t i o n  o f  t h e s e  a e r o b i c  s p o r e f o r m e r s  
and t h e  v a r i a t i o n  i n  th e  e x t e n t  o f  d e f e c t s  when t h e y  o c c u r  h a s  
b e e n  s u g g e s t e d  as p r o b a b ly  a c c o u n t in g  f o r  t h e  c o n s i d e r a b l e  
d i f f e r e n c e  o f  o p i n i o n  i n  t h e  p a s t  r e g a r d i n g  t h e  c o n n e x io n  
b e tw e e n  a e r o b i c  s p o r e f o r m e r s  and d e t e r i o r a t i o n  i n  canned  f o o d s .  
T h is  h a s  b e e n  d i s c u s s e d  t o g e t h e r  w i t h  t h e  c o n f l i c t i n g  l i t e r a ­
t u r e  on t h e  s u b j e c t .
9 .  Some s w e e te n e d  c o n d e n se d  m i l k  s a m p le s  w h ic h  i n v a r i a b l y  co n ta in  
v i a b l e  o r g a n is m s  h a v e  a l s o  b e e n  exam in ed  f o r  d e f e c t s  d u e  t o  m ic r o ­
o r g a n is m s .  Two " b l o a t s "  and o n e  sa m p le  w i t h  a p u t r i d  f l a v o u r  
w ere  e n c o u n t e r e d .  In  a d d i t i o n  3 s t r a i n s  o f  m ou ld , w h ic h  w ere  
i s o l a t e d  from  an  e x t e n s i v e  o u t b r e a k  o f  " b u t to n s "  and w h ich  h a v e  
n o t  b e e n  p r e v i o u s l y  r e p o r t e d  a s  th e  c a u s e  o f  t h i s  d e f e c t ,  h a v e  
b e e n  i n v e s t i g a t e d .
PART I I I .  BITTERNESS AND THINNING IN  CANNED CREAM.
1 .  The r e s u l t s  o f  a d e t a i l e d  c u l t u r a l  and m o r p h o l o g i c a l  s t u d y  
w h ic h  h a s  b een  made o f  3  s t r a i n s  o f  B. s u b t i l i s . n a m ely  N os. 6 ,  
27  and 62  a r e  g i v e n .  T h ese  b a c t e r i a ,  v /h ich  h ave  b e e n  i s o l a t e d  
from  t h i n  and b i t t e r  sa m p le s  o f  c o m m e r c ia l ly  can n ed  cream , a r e  
shown t o  p r o d u ce  th e  same ty p e  o f  s p o i l a g e  when t h e y  a r e  r e ­
i n o c u l a t e d  i n t o  sou n d  s a m p le s .
2 .  The r a t e  o f  d e v e lo p m e n t  o f  b i t t e r n e s s  and t h i n n i n g  i n  
e x p e r i m e n t a l l y  i n o c u l a t e d  ca n s  h a s  b e e n  i n v e s t i g a t e d  and i t  
appeared  t o  v a r y  w i t h  th e  c u l t u r e  and w i t h  t h e  t e m p e r a tu r e  o f  
i n c u b a t i o n .
3 .  A b r i e f  r e f e r e n c e  i s  made t o  some o f  t h e  c h e m ic a l  a s p e c t s  
o f  t h i s  s p o i l a g e .
4 .  The a p p l i c a t i o n  o f  t h e  r e s u l t s  t o  t h e  c o n t r o l  o f  t h e  d e f e c t  
i n  c o m m e r c ia l  p r a c t i c e  i s  d i s c u s s e d  and a t t e n t i o n  i s  drawn t o
3  p o i n t s  i n  t h i s  c o n n e x io n .
( i )  I t  i s  i n d i c a t e d  t h a t  i t  may b e  e x t r e m e ly  d i f f i c u l t  t o  
c o n t r o l  t h i s  t y p e  o f  s p o i l a g e  u n d er  f a c t o r y  c o n d i t i o n s  o w in g  
t o  th e  h i g h  th e r m a l  d e a th  p o i n t  o f  t h e  c a u s a t i v e  b a c t e r i a .  The 
h e a t  t r e a t m e n t  w h ic h  ca n  b e  g i v e n  t o  t i n n e d  cream  on a c c o u n t  
o f  t h e  c h e m ic a l  breakdow n v/h ich  a c c o m p a n ie s  e x c e s s i v e  e x p o s u r e s  
t o  h e a t  i s  l i m i t e d .  I t  a p p e a r s  t h e r e f o r e  t h a t  i n  p r a c t i c e  t h e  
p r e v e n t i o n  o f  b i t t e r n e s s  and t h i n n i n g  m u st  d ep en d  more on 
im p r o v in g  t h e  q u a l i t y  o f  th e  in c o m in g  m i l k  s u p p ly  th a n  on
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a l t e r i n g  t h e  c o n d i t i o n s  o f  s t e r i l i s a t i o n  o f  t h e  ca n n ed  p r o d u c t .
( i i )  I t  i s  s t a t e d  t h a t  th e  i d e n t i f i c a t i o n  o f  d e f e c t i v e  c a n s  
o f  cream  b e f o r e  d e s p a t c h  from  t h e  crea m ery  i s  o f  im p o r ta n c e  
i n  t h e  c o n t r o l  o f  b i t t e r n e s s .  I t  i s  shown t h e r e f o r e  t h a t
i t  i s  d e s i r a b l e  t o  s t o r e  t h e  can n ed  cream , i n  a d d i t i o n  t o  t h e  
u s u a l  2 w eek s  o f  i n c u b a t i o n  a t  from  75 t o  8 5 ° F .  w h ich  a r e  
g i v e n  i n  c o m m erc ia l  p r a c t i c e ,  f o r  a f u r t h e r  p e r io d  o f  4  w eek s  
or  more a t  room te m p e r a tu r e .  By t h i s  m ean s , t h e  d e f e c t
may b e  s u f f i c i e n t l y  d e v e lo p e d  i n  t h e  a f f e c t e d  ca n s  t o  e n a b le  
them t o  b e  p i c k e d  o u t .
( i i i )  The d e s i r a b i l i t y  o f  c a r e f u l  b a c t e r i o l o g i c a l  c o n t r o l  
o f  a l l  b a t c h e s  o f  cream  i s  e m p h a s is e d .  I t  i s  p o i n t e d  o u t
h o w e v e r  t h a t  i f  o n l y  s m a l l  i n o c u l a t i o n s  o f  cream  a r e  u s e d  
t h e r e  i s  a s e r i o u s  r i s k  t h a t  t h e  p r e s e n c e  o f  v i a b l e  o r g a n is m s  
w i l l  b e  m i s s e d .  I t  i s  a l s o  shown t h a t  t h e  i s o l a t i o n  o f  
o r g a n is m s  o f  t h e  B. s u b t i l i s  t y p e  from  can n ed  cream  c a n n o t  
b e  t a k e n  a s  i n d i c a t i n g  t h a t  t h e  cream  w i l l  i n e v i t a b l y  becom e  
b i t t e r ,  s i n c e  th e  o n ly  c e r t a i n  m ethod  o f  i d e n t i f y i n g  t h e  
t y p i c a l  o r g a n ism  i s  b y  i t s  a b i l i t y  t o  p r o d u c e  b i t t e r n e s s  and  
t h i n n i n g  i n  t h e  n o rm a l p r o d u c t .
PAST IV . DRIED MILK PRODUCTS.
1 .  Over 4 0 0  s a m p le s  o f  s p r a y  d r i e d  m i l k  pow der from  8 f a c t o r i e s  
o p e r a t i n g  i n  E n g la n d  and S c o t la n d  h a v e  b e e n  e x a m in e d .  T h ese
s a m p le s  w ere  t a k e n  a t  d i f f e r e n t  s t a g e s  o f  t h e  d a y ' s  ru n  and  
w ere  o b t a i n e d  from  s e v e r a l  t y p e s  o f  p l a n t  s i t u a t e d  i n  w i d e l y  
d i f f e r e n t  d i s t r i c t s .  S am p les  w ere  t a k e n  i n  b o t h  th e  summer 
and w i n t e r  m o n th s .  The s a m p le s  w e r e ,  t h e r e f o r e ,  s u f f i c i e n t l y  
r e p r e s e n t a t i v e  t o  e n a b le  g e n e r a l  c o n c l u s i o n s  t o  b e  drawn  
r e g a r d i n g  t h e  f a c t o r s  a f f e c t i n g  b a c t e r i o l o g i c a l  q u a l i t y .
2 .  In  r e c o n s t i t u t i n g  m i l k  pow d ers  f o r  b a c t e r i o l o g i c a l  ex a m in a ­
t i o n  i t  i s  n e c e s s a r y  t o  e n s u r e  ( i )  t h a t  t h e  sa m p le  i s  s u f f i ­
c i e n t l y  l a r g e  t o  b e  r e p r e s e n t a t i v e  and ( i i )  t h a t  e x t e r n a l  
c o n t a m in a t io n  i s  a v o id e d  d u r in g  w e ig h in g  and h a n d l i n g .  The  
u s e  o f  a 20  g .  sa m p le  i s  a d v o c a t e d .  C om plete  r e c o n s t i t u t i o n  
o f  t h e  powder i s  b e s t  o b t a i n e d  b y  s h a k in g  t h e  sa m p le  w i t h  
g l a s s  b e a d s  i n  a  180 m l. w a t e r  b la n k  w h ich  i s  c o n t a i n e d  i n  a 
s c r e w  cap p ed  b o t t l e .  D e t a i l s  a r e  a l s o  g i v e n  o f  t h e  m eth ods  
u s e d  i n  b a c t e r i o l o g i c a l  e x a m in a t io n  o f  t h e  sa m p le s  and f o r
t h e  i s o l a t i o n  o f  p u r e  c u l t u r e s  from  them .
3 .  From an a n a l y s i s  o f  t h e  r e s u l t s  t h e  a r i t h m e t i c  " w e ig h te d "  
m eans o f  t h e  p l a t e  c o u n t  and m e t h y le n e  b l u e  r e d u c t i o n  t e s t  a t  
3 7 °C . w ere  fo u n d  t o  b e  4 , 3 6 3 , 0 0 0  p e r  g .  and 8 . 1  h o u r s  r e s p e c ­
t i v e l y .  I n d i v i d u a l  p l a t e  c o u n t s  v a r i e d  w i d e l y ,  v i z .  from  
1 ,4 0 0  t o  1 4 9 , 0 0 0 , 0 0 0  p e r  g . , w h i l e  t h e  r e d u c t i o n  t e s t s  v a r i e d  
from  3 t o  14  h o u r s .  The p l a t e  c o u n t s  a t  55°C . a l s o  show ed  
v a r i a t i o n s ,  a l t h o u g h  t h e  range  was s m a l l e r  t h a n  a t  57°C . The 
r e d u c t i o n  t i m e s  w ere  l o n g e r  a t  55°C . th a n  a t  37°C . and 3 0  p e r
c e n t ,  o f  t h e  sa m p les  r e q u ir e d  more th a n  12 h o u r s ’ i n c u b a t i o n  
b e f o r e  d e c o l o n i s a t i o n  o c c u r r e d .
4 .  From a d e t a i l e d  s t u d y  o f  t h e  r e s u l t s  i n f o r m a t i o n  h a s  b e e n  
o b t a i n e d  r e g a r d i n g  some o f  th e  f a c t o r s  r e s p o n s i b l e  f o r  t h e s e  
v a r i a t i o n s  i n  b a c t e r i a l  q u a l i t y .  Wide v a r i a t i o n s  i n  t h e  mean 
o f  t h e  p l a t e  c o u n t s  o f  pow ders h a v e  b e e n  shown t o  o c c u r  from  
on e  f a c t o r y  to  a n o t h e r  and t h i s  a p p ea r e d  t o  b e  m a in ly  a s s o c i ­
a t e d  w i t h  t h e  t e c h n iq u e  o f  m a n u fa c tu r e .  I t  was a l s o  demon­
s t r a t e d  t h a t ,  s i n c e  t h e r e  was a marked d i f f e r e n c e  i n  t h e  ran ge  
o f  v a r i a t i o n s  o f  sa m p le s  o b t a i n e d  from  i n d i v i d u a l  f a c t o r i e s ,  
t h e r e  m u st h a v e  b e e n  a c o m p le te  l a c k  o f  c o n s i s t e n c y  i n  th e  
d a y - t o - d a y  management o f  c e r t a i n  o f  th e  p l a n t s .  Some e v i d e n c e  
i s  p r e s e n t e d  w h ich  t e n d s  to  show t h a t  t h e  b a c t e r i o l o g i c a l  
q u a l i t y  o f  m i l k  pow ders may u s u a l l y  d e t e r i o r a t e  d u r in g  a 
c o n t in u o u s  d a y ' s  run o w in g  t o  t h e  m u l t i p l i c a t i o n  o f  therm o­
p h i l i c  and th e r m o d u r ic  b a c t e r i a  d u r in g  p r o c e s s i n g .
An e x a m in a t io n  o f  t h e  d a t a  f u r t h e r  d e m o n s t r a t e d  t h a t  
s e a s o n a l  v a r i a t i o n s  i n  q u a l i t y  o n l y  o c c u r r e d  i n  p l a n t s  w here  
t h e  g e n e r a l  b a c t e r i a l  s t a n d a r d  o f  t h e  powder was n o r m a l ly  p o o r .  
A c o m p a r iso n  b e tw e e n  a l i m i t e d  number o f  f u l l  cream  m i l k  pow der  
s a m p le s  and skimmed m i l k  pow der s a m p le s  made a t  o n e  f a c t o r y  i n ­
d i c a t e d  t h a t  t h e  f u l l  cream  p o w d ers  w ere  u s u a l l y  o f  a h ig h e r  
b a c t e r i o l o g i c a l  q u a l i t y .  I t  i s  p o s s i b l e  t h a t  t h e s e  d i f f e r e n c e s  
may h a v e  b e e n  a s s o c i a t e d  w i t h  v a r i a t i o n s  i n  th e  q u a l i t y  o f  t h e
in c o m in g  m i l k ,  s i n c e  f r e s h  w h o le  m i l k  m ig h t  b e  e x p e c t e d  t o  
h a v e  th e  s m a l l e s t  b a c t e r i a l  f l o r a .  D u r in g  p r o lo n g e d  s t o r a g e  
t h e  v i a b l e  b a c t e r i a  w h ic h  w ere  p r e s e n t  i n  th e  m i l k  p ow d ers  d i e d  
o u t .  The mean p e r c e n t a g e  r e d u c t i o n  i n  c o u n t  a f t e r  12  m o n th s '  
a g i n g  a t  room te m p e r a tu r e  was 95 p e r  c e n t .  The b a c t e r i a l  f l o r a  1 
t e n d e d  t o  d i e  o u t  more q u i c k l y  a s  t h e  t e m p e r a tu r e  o f  s t o r a g e  
i n c r e a s e d  and d e c r e a s e d  f a s t e r  when s t o r e d  i n  an a tm o sp h er e  o f  
a i r  th a n  i n  one o f  n i t r o g e n .
5 .  The f e r m e n t a t i o n  t e s t  has  b e e n  shown t o  be  m a in ly  u s e f u l  a s  j 
an i n d i c a t i o n  o f  t h e  a c t i v i t y  o f  t h e r m o p h i l i c  b a c t e r i a  a t  55°C .
6 . A bout 10  p e r  c e n t ,  o f  t h e  s a m p le s  t e s t e d  i n  1 m l.  q u a n t i t i e s  
g a v e  p o s i t i v e  p r e s u m p t iv e  c o l i f o r m  t e s t s ,  b u t  some o f  t h e  
p o s i t i v e  t e s t s  w ere  due t o  a n a e r o b ic  s p o r e f o r m e r s .
7 .  The number o f  y e a s t s  and m ou ld s  p r e s e n t  i n  t h e  m i l k  powder  
s a m p le s  was fo u n d  t o  b e  p r a c t i c a l l y  n e g l i g i b l e .
8 .  The k e e p i n g  q u a l i t y  o f  th e  r e c o n s t i t u t e d  m i l k  when s t o r e d  
a t  6 0 °F .  h a s  b e e n  ex a m in ed . Over 90 p e r  c e n t ,  o f  t h e  s a m p le s  
r e m a in e d  s w e e t  f o r  b e tw e e n  2^ and 3^ r d a y s .  T e s t s  made on t h e s e  
s a m p le s  a f t e r  24 h o u r s '  s t o r a g e  i n d i c a t e d  t h a t  t h e  f l o r a  o f  
r e c o n s t i t u t e d  m i l k  d i d  n o t  i n c r e a s e  a s  r a p i d l y  a s  t h a t  o f  raw  
m i l k  and t h a t  t h e  r e d u c t i o n  t e s t  was t h e  m o st  s e n s i t i v e  i n d i c a t i o n  
o f  t h e  a d d i t i o n a l  a g in g  o f  t h e  m i l k .
9 .  The p r e d o m in a t in g  f l o r a  o f  t h e  r e c o n s t i t u t e d  m i l k  a t  37°C .  
r e n d e r e d  i t  a c i d  i n  r e a c t i o n  and c l o t t e d  i t .  E i g h t y  p e r  c e n t ,  
o f  t h e  1 , 3 0 4  c u l t u r e s  p i c k e d  o f f  t h e  p l a t e s  i n c u b a t e d  a t  3 7  C. 
and 74  p e r  c e n t ,  from  t h e  p l a t e s  h e l d  a t  55 C. p r o d u c e d  a c i d i t y
and c o a g u l a t i o n  i n  l i t m u s  m i l k  m e d ia .
1 0 .  More th a n  97  p e r  c e n t ,  o f  t h e  p u r e  c u l t u r e s  o b t a i n e d  from  
c o l o n i e s  on t h e  p l a t e s  in c u b a t e d  a t  37°C . w h ich  p r o d u c e d  a c i d  
c o a g u l a t i o n  o f  m i l k  w ere  fo u n d  t o  b e  h e a t  r e s i s t a n t  s t r e p t o c o c c i .  
F u r t h e r  c l a s s i f i c a t i o n  show ed t h a t  6 6  p e r  c e n t ,  w ere s t r a i n s  o f  
t h e  " V ir id a n s"  d i v i s i o n ,  57 p e r  c e n t ,  b e i n g  S. th e r m o p h i lu s  and  
33  p e r  c e n t ,  o f  t h e  " E n t e r o c o c c u s ” d i v i s i o n ,  2 6 . 5  p e r  c e n t ,  o f  
w h ich  w ere  S . d u r a n s .
1 1 .  The m i l k  c u r d l i n g  o r g a n ism s  o b t a i n e d  fr o m  t h e  p l a t e s  i n ­
c u b a t e d  a t  55°C . h ave  b e e n  i d e n t i f i e d  a s  s t r a i n s  o f  B. c a l i d o -  
l a c t i s , w h ich  i s  o n e  o f  t h e  fe w  t h e r m o p h i l i c  s p o r e f o r m e r s  c a p a b le  
o f  p r o d u c in g  a c id  c o a g u l a t i o n  o f  m i lk .
1 2 .  A fe w  b a c t e r i a  c a u s in g  p e p t o n i s a t i o n  o f  m i l k  a t  37°C . h a v e
A ls o  b e e n  c l a s s i f i e d ,  and t h e s e  w e re  a l l  fo u n d  t o  be  a e r o b i c
s p o r e f o r m e r s  o f  th e  B. s u b t i l i s  t y p e .
1 3 .  The u s e  o f  t h e  m e th y le n e  b l u e  r e d u c t i o n  t e s t  a s  a  m ethod
o f  a s s e s s i n g  t h e  b a c t e r i o l o g i c a l  q u a l i t y  o f  m i l k  pov/ders h a s  b e e n  
e x p l o r e d  and t h e  c o n c l u s i o n  i s  r e a c h e d  t h a t  t h i s  t e s t  g i v e s  
r e a s o n a b l e  a g r ee m e n t  w i t h  t h e  p l a t e  c o u n t  a t  37°C . p r o v i d e d  t h a t  
t h e  c o r r e c t  r e g r e s s i o n  e q u a t i o n  i s  u s e d .  The r e d u c t i o n  t e s t  
a t  55°C . d o e s  n o t  a p p e a r ,  h o w e v e r ,  t o  b e  a s  u s e f u l  a s  t h a t  a t  
3 7 °C .
1 4 .  The d e s i r a b i l i t y  o f  e s t a b l i s h i n g  g r a d e s  f o r  s p r a y  d r i e d  
m i l k  pow der i s  d i s c u s s e d .
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PART V . HEAT RESISTANCE OF MILK MICRO-ORGANISMS.
1 .  I t  h a s  b e e n  e m p h a s is e d  b y  a r e v i e w  o f  t h e  l i t e r a t u r e  t h a t  
t h e  d e s t r u c t i o n  o f  l i v i n g  m ic r o - o r g a n is m s  b y  h e a t  i s  a  com plex  
p r o c e s s ,  and t h a t  t h e  p r o b le m  i s  p a r t i c u l a r l y  d i f f i c u l t  when i t  
i s  a p p l i e d  t o  t h e  h e a t  r e s i s t a n c e  o f  s p o r e s .  S i n c e  t h e  t y p e s  
o f  o r g a n is m s  w h ich  s u r v i v e  i n  t h e  m a n u fa c tu r e  o f  ca n n ed  d a i r y  
p r o d u c t s  and l a t e r  c a u s e  s p o i l a g e  depend to  a g r e a t  e x t e n t  on  
t h e i r  h e a t  r e s i s t a n c e ,  a s t u d y  h a s  b e e n  made o f  c e r t a i n  a s p e c t s  
w h ic h  m ig h t  p r o v i d e  i n f o r m a t i o n  on t h e  s u b j e c t .
2.  As r e g a r d s  t h e  r e s i s t a n c e  o f  th e  g e n e r a l  f l o r a  i n  b u lk  m i l k ,  
when e x p o s e d  t o  t h e  h e a t  o f  p a s t e u r i s a t i o n ,  i t  h a s  b e e n  shown  
t h a t  t h e  g r e a t e s t  k i l l i n g  e f f e c t  o c c u r s  v/hen t h e  pH i s  l o w e s t .  
T h e s e  r e s u l t s  s u g g e s t ,  t h e r e f o r e ,  t h a t  i n  p r e - h e a t i n g  o r  p r e ­
warm ing p r o c e s s e s  i n  t h e  e a r l y  s t a g e s  o f  th e  m a n u fa c tu r e  o f  
c a n n e d  d a i r y  p r o d u c t s  a g r e a t e r  r e d u c t i o n  o f  i n i t i a l  c o u n t  may 
b e  e x p e c t e d  w i t h  t h e  more a c i d  m i l k s .
3 .  I t  h a s  b e e n  d e m o n s tr a te d  b y  o t h e r  w o r k e rs  t h a t  t h e  r e s i s t a n c e  
t o  h e a t  o f  c e r t a i n  l a c t i c  a c id  b a c t e r i a  was g r e a t l y  i n c r e a s e d  i n  
m i l k  as t h e  b u t t e r f a t  c o n t e n t  was r a i s e d .  S i n c e  a t  many s t a g e s  
o f  t h e  v a r i o u s  h e a t  t r e a t m e n t s  o f  can n ed  d a i r y  p r o d u c t s  t h e r e  i s  
a h i g h  p e r c e n t a g e  o f  b u t t e r f a t  i n  t h e  p r o d u c t ,  t h e  e f f e c t  o f  
i n c r e a s i n g  t h e  b u t t e r f a t  c o n t e n t  h a s  b e e n  s t u d i e d  w i t h  d i f f e r e n t  
m i l k  b a c t e r i a  w h ic h  p r o d u c e  l a c t i c  a c i d .  I t  was fo u n d  t h a t  b y  
r a i s i n g  t h e  t e m p e r a tu r e  o f  h o l d i n g  f o r  a  f i x e d  t im e  or  b y  
l e n g t h e n i n g  t h e  t im e  o f  h o l d i n g  a t  a f i x e d  t e m p e r a tu r e  t h e
i n c r e a s e  o f . b u t t e r f a t  d id  n o t  r a i s e  th e  h e a t  t o l e r a n c e  o f  th e  
o r g a n is m s  t o  any g r e a t  e x t e n t .  I n  f a c t  t h e  t e n d e n c y  i n  a few  
i n s t a n c e s  was f o r  th e  h e a t  r e s i s t a n c e  t o  b e  s l i g h t l y  l e s s  i n  
cream .
4 .  The p ro b lem s i n v o l v e d  i n  t h e  m ethod  o f  h e a t i n g ,  and i n  t h e  
c h o i c e  o f  a c o n t a i n e r  f o r  t h e  i n o c u l a t e d  s u b s t r a t e  f o r  h e a t  
r e s i s t a n c e  t e s t s ,  i s  d i s c u s s e d  w i t h  s p e c i a l  r e f e r e n c e  t o  th e  
d i f f i c u l t i e s  i n v o l v e d  a t  h i g h  t e m p e r a tu r e s  s u c h  a s  a r e  u s e d  i n  
s t u d i e s  w i t h  s p o r e s  o f  a e r o b i c  b a c t e r i a .  Four d i f f e r e n t  k in d s  
o f  c o n t a i n e r s ,  n a m ely  ( a )  g l a s s  c a p i l l a r y  t u b e s ,  ( b )  g l a s s  
a m p ou les  o r  b u l b s ,  ( c )  g l a s s  p a s t e u r  p i p e t t e s  and ( d )  t e s t  t u b e s ,  
h a v e  b e e n  t r i e d  and a s p e c i a l  k in d  o f  t e s t  t u b e  was a d o p te d  t o  
f u l f i l  th e  n e c e s s a r y  r e q u ir e m e n t s .  The t u b e s  recommended  
s h o u l d  be  made o f  h e a t  r e s i s t a n t  g l a s s ,  3" i n  l e n g t h ,  w i t h  an  
i n t e r n a l  d ia m e te r  o f  f " .  I n  p r a c t i c e  t h e y  w e re  u s u a l l y  f i l l e d  
w i t h  i n o c u l a t e d  s u b s t r a t e  a f t e r  s t e r i l i s i n g  and t i g h t l y  c o r k e d  
b y  s t e r i l e  r u b b e r  b u n g s .  M eta l  c lam p s w ere  u s e d  t o  e n s u r e
t h a t  th e  b u n gs  f i t t e d  t i g h t l y  th r o u g h o u t  h e a t i n g .
5 .  A t r i a l  t e s t  o f  th e  h e a t  r e s i s t a n c e  h a s  b e e n  c o n d u c te d  on  
n e a r l y  4 0  s t r a i n s  o f  a e r o b i c  s p o r e f o r m e r s  i s o l a t e d  from  canned  
m i l k  p r o d u c t s  i n  o r d e r  t o  o b t a i n  g e n e r a l  i n f o r m a t i o n  r e g a r d in g  
t h e  d i f f i c u l t i e s  w h ich  m ig h t  b e  e x p e c t e d  l a t e r  i n  more d e t a i l e d  
s t u d i e s .  Many o f  t h e  s t r a i n s  w ere  fo u n d  t o  b e  e x c e e d i n g l y  
h e a t  r e s i s t a n t .  No dorm ancy was a p p a r e n t  when t h e  s p o r e s  w ere  
h e a t e d  and l a t e r  i n c u b a t e d  i n  m i l k  p r o d u c t s .  " S k ip s"  w ere
o n ly  o b s e r v e d  t o  an y  g r e a t  e x t e n t  among s t r a i n s  o f  B. l i c h e n i -  
f o r m i s .
6 .  S p e c i a l  s t u d i e s  on  th e  h e a t  r e s i s t a n c e  o f  3  s t r a i n s  o f  
B. s u b t i l i s  w h ich  p r o d u c e d  b i t t e r n e s s  and t h i n n i n g  i n  canned  
cream  h ave  b e e n  made. D e t a i l s  a r e  g i v e n  o f  th e  m eth od s  o f  p r e ­
p a r i n g  s p o r e  s u s p e n s i o n s  f o r  t h e s e  t e s t s  and o f  p r e p a r in g  th e  
s u b s t r a t e s  f o r  s u b s e q u e n t  i n o c u l a t i o n  s o  t h a t  e q u a l  c o n c e n t r a ­
t i o n s  o f  s p o r e s  m ig h t  b e  p r e s e n t  i n  t h e  f i n a l  s u b s a m p le s .
7 .  The e f f e c t  o f  t h e  r e a c t i o n  o f  t h e  s u b s t r a t e  on t h e  d e s t r u c t io n  
o f  2  o f  t h e s e  s t r a i n s  o f  B. s u b t i l i s  b y  h e a t  h a s  b e e n  exam in ed ,  
b u t  t h e  r e s u l t s  w h ich  h ave  b e e n  e x p r e s s e d  a s  s u r v i v a l  p e r c e n t a g e s ,  
o v e r  t h e  narrow  r a n g e  o f  pH t e s t e d ,  l a c k  c o n s i s t e n c y .  Thus no  
d e f i n i t e  ch an ge  i n  t h e  r e s i s t a n c e  o f  t h e  s p o r e s ,  a s  h a s  b e e n  sh ow  
f o r  th e  n o n - s p o r e f o r m in g  b a c t e r i a ,  c o u ld  b e  d e m o n s tr a te d .
8 .  The r e s u l t s  o f  s i m i l a r  e x p e r im e n ts  on t h e  e f f e c t  o f  i n ­
c r e a s i n g  t h e  b u t t e r f a t  p e r c e n t a g e  on t h e  h e a t  t o l e r a n c e  o f
B. s u b t i l i s  a l s o  f a i l e d  t o  show u n i f o r m i t y .  In  o r d e r  t o  t e s t  
t h e  e f f e c t  o f  t h i s  f a c t o r  a  s e c o n d  m eth o d , i n v o l v i n g  t h e  u s e  
o f  p l a t e  c o u n t s ,  was e x p l o r e d .  The p l a t e  c o u n t  t e s t s  i n d i c a t e d  
more d e f i n i t e l y  th a n  d id  t h e  f i r s t  m ethod t h a t  t h e  i n c r e a s e  i n  
b u t t e r f a t  i n  t h e  s u b s a m p le s  d id  n o t  i n c r e a s e  t h e  r e s i s t a n c e  o f  
t h e  s p o r e s  t o  h e a t .
9 .  The m o6t o u t s t a n d i n g  f a c t  w h ich  was a p p a r e n t  from  t h e s e  
s t u d i e s  w i t h  t h e  a e r o b i c  s p o r e f o r m e r s  i s  t h e i r  e x t r e m e l y  h ig h  
h e a t  r e s i s t a n c e .  I t  i s  p e r h a p s  n o t  s u r p r i s i n g  t h e r e f o r e  t h a t  
t h e  s m a l l  c h a n g e s  i n  t h e  s u b s t r a t e  a s  w ere  e x p l o r e d  i n  t h e  t e s t s  
r e p o r t e d  f a i l e d  t o  show c l e a r - c u t  d i f f e r e n c e s  i n  r e s i s t a n c e .
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APPENDIX.
BACTERIOLOGICAL QUALITY OF BAW. M ILK.
1 .  The g r e a t  im p o r ta n c e  o f  t h e  b a c t e r i o l o g i c a l  q u a l i t y  o f  th e  
raw m i l k  on t h e  m a n u fa c tu r e  and s u b s e q u e n t  q u a l i t y  o f  canned  
d a i r y  p r o d u c t s  h a s  b e e n  i n v e s t i g a t e d  and d i s c u s s e d .
2 .  I t  h a s  b e e n  shown t h a t  c e r t a i n  t e s t s  w h ic h  h a v e  t h e  m e r i t
o f  g i v i n g  r e s u l t s  q u i c k l y  a r e  n o t  u s u a l l y  s u f f i c i e n t l y  s e l e c t i v e  
t o  a s s i s t  i n  th e  g r a d in g  o f  m ixed  m i l k  from  f a c t o r i e s  i n  th e  
s o u t h - w e s t  o f  S c o t l a n d ,  and t h e r e f o r e  t h a t  i t  i s  n e c e s s a r y  to  
em p loy  more s e n s i t i v e  t e s t s .  F or  t h i s  r e a s o n  a c o m p a r iso n  
b e tw e e n  two o f  t h e  com m onest t e s t s  u s e d  f o r  t h i s  p u r p o s e ,  n am ely  
t h e  p l a t e  c o u n t  and t h e  in e th y le n e  b l u e  r e d u c t i o n  t e s t ,  h a s  b e e n  
made.
3 .  The p l a t e  c o u n t  h a s  p r o v e d  v a l u a b l e  i n  a s s e s s i n g  t h e  h y g i e n i c  
q u a l i t y  o f  m i l k  i n  t h e  p a s t  and c r i t e r i a  h a v e  b e e n  s u g g e s t e d  
w h ic h  t h e  r e d u c t i o n  t e s t  s h o u ld  f u l f i l  b e f o r e  th e  p l a t e  c o u n t  
c o u ld  b e  r e p l a c e d  b y  i t  o r  any o t h e r  t e s t  f o r  m i l k  g r a d in g .
4 .  D e t a i l s  o f  th e  e x p e r im e n t s  and o f  t h e  m eth od s  o f  t e s t i n g  
a r e  g i v e n .
5 .  From t h e  s t a t i s t i c a l  a n a l y s i s  o f  t h e  r e s u l t s  t h e  c o n c l u s i o n  
h a s  b e e n  r e a c h e d  t h a t  f o r  t h e  g e n e r a l  p u r p o se  o f  c l a s s i f y i n g  
m i l k  a c c o r d i n g  t o  b a c t e r i o l o g i c a l  q u a l i t y  th e  m o d i f i e d  m e th y le n e  
b l u e  r e d u c t i o n  t e s t  a p p ea r e d  t o  h a v e  o u t s t a n d i n g  a d v a n t a g e s .
T h i s  t e s t  f u l f i l l e d  t h e  c r i t e r i a  s u g g e s t e d  i n  t h a t  ( a )  t h e  
r e s u l t s  show ed r e a s o n a b l e  a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  b y  th e
p l a t e  c o u n t ;  ( b )  t h e  m o d i f i e d  r e d u c t i o n  t e s t  show ed a s  g o o d  an 
a g r ee m e n t  w i t h  o t h e r  m ea su res  o f  c l e a n l i n e s s  a s  d i d  th e  p l a t e  
c o u n t ;  ( c )  t h e  m o d i f i e d  r e d u c t i o n  t e s t ,  when a p p l i e d  t o  m ixed  
m i l k ,  was n o t  i n v a l i d a t e d  b y  t h e  p r e s e n c e  o f  m a s t i t i s  m i l k ;  and 
( d )  t h e  v a r i a b i l i t y  o f  th e  m o d i f i e d  r e d u c t i o n  t e s t  was l e s s  th a n  
t h a t  o f  t h e  p l a t e  c o u n t .
6 .  A c o m p a r iso n  b e tw e e n  t h e  s e n s i t i v i t y  o f  t h e  p l a t e  c o u n t  and  
t h e  m e t h y le n e  b l u e  r e d u c t i o n  t e s t  a s  c o n d i t i o n s  o f  m i l k  p r o d u c ­
t i o n  and o f  s t o r a g e  o f  t h e  sa m p le s  w ere  c h a n g ed  h a s  b e e n  made.
7 .  D e t a i l s  a r e  g i v e n  o f  th e  i n v e s t i g a t i o n .  The sa m p le s  w ere  
o f  s i n g l e  cow ’ s  m i l k .  F our m ain  f a c t o r s  o f  c l e a n  m i l k  p r o d u c ­
t i o n  h a v e  b e e n  v a r i e d  t o  p r o v id e  n i n e  e x p e r i m e n t a l  p e r i o d s ,  e a ch  
p e r i o d  b e i n g  o f  a b o u t  a  w e e k 's  d u r a t i o n .  The s a m p le s  w ere  
s t o r e d  u n d e r  s i x  w i d e l y  v a r y in g  c o n d i t i o n s  o f  t e m p e r a tu r e  and  
f o r  v a r y i n g  l e n g t h s  o f  t im e  b e f o r e  t e s t i n g .
8 .  The r e s u l t s '  w ere a n a ly s e d  b y  t h r e e  d i f f e r e n t  m e th o d s ,  a l l
o f  w h ic h  i n d i c a t e d  t h e  same g e n e r a l  f i n d i n g s .  I t  was s e e n  t h a t  
f o r  s a m p le s  r e t a i n e d  a t  7 2 °F . f o r  18 o r  26 h o u r s  b e f o r e  t e s t i n g  
t h e  r e d u c t i o n  t e s t  a p p ea red  t o  b e  c o n s i d e r a b l y  more s e n s i t i v e  
t o  i n c r e a s i n g l y  d i r t y  m eth od s  o f  p r o d u c t i o n  th a n  t h e  p l a t e  c o u n t ,  
and t h a t  t h i s  was a l s o  tr u e  when t h e  sa m p le s  w ere  s t o r e d  a t  
room te m p e r a tu r e  ( 5 5 ° F . ) .  At th e  lo w e r  te m p e r a tu r e  t h e  e f f e c t  
w a s ,  h o w e v e r ,  o n l y  shown u n d e r  t h e  d i r t y  c o n d i t i o n s  o f  p r o d u c ­
t i o n .  P r a c t i c a l l y  no d i f f e r e n c e  i n  s e n s i t i v i t y  was e v i d e n t  
b e tw e e n  t h e  two t e s t s  when th e  s a m p le s  w ere s t o r e d  a t  room 
t e m p e r a tu r e  f o r  th e  f i r s t  10 h o u r s  and t h e n  i n  t h e  r e f r i g e r a t o r .
The r e s u l t s  o f  sa m p le s  t e s t e d  I m m e d ia te ly  a f t e r  m i l k i n g  showed  
v e r y  d i r t y  m eth ods  o f  p r o d u c t io n  m o s t  r e a d i l y  b y  t h e  p l a t e  
c o u n t  t e s t .
9 .  I t  s h o u ld  b e  n o t e d  t h a t  w i t h  t h e  e x c e p t i o n  o f  s a m p le s  s t o r e d  
a t  t h e  warm te m p e r a tu r e  o f  7 2 ° F .  b o t h  t e s t s  w ere r e l a t i v e l y  
i n s e n s i t i v e  t o  d i r t y  c o n d i t i o n s  o f  p r o d u c t io n .  T h is  f a c t  
t h e r e f o r e  show s th e  im p o r ta n c e  o f  u s i n g  r e l a t i v e l y  s e v e r e  
s t o r a g e  c o n d i t i o n s  when any a t t e m p t  i s  made to  ju d g e  p r o d u c t i o n  
m eth od s  b y  e i t h e r  t e s t ,  and i t  f u r t h e r  i n d i c a t e s  t h a t  th e  
g r a d in g  o f  m i l k  i n  c o l d  w e a th e r  o r  i n  r e l a t i v e l y  c o l d  d i s t r i c t s  
i s  o f  d o u b t f u l  v a l u e  a s  an in d e x  o f  c l e a n l i n e s s  o f  p r o d u c t i o n ,  
u n l e s s  some i n c u b a t i o n  o f  t h e  m i lk  o c c u r s  p r i o r  t o  t e s t i n g .
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